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I was able to resume the publication of my results, 
you had reached the highest position attainable in 
science; nevertheless, you again kindly accepted 
the scientific contributions from the stranger and 
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from its course to favor the fleeting fashions in the 
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recognition. 
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must turn to the Comptes Rendus de TAcademie 
des Sciences, it is but proper that the more detailed 
exposition of the subject presented in this volume, 
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volume as an expression of the highest admiration, 
and as a token of the heartfelt gratitude of 



THE AUTHOR. 



Saint Louis, Mo., U. S.. 
October 6th, 1894. 



PREFACE. 



The highest problem of the physical sciences is the deter- 
mination of the constitution of matter. The sciences of Chem- 
istry, physics and crystallography are equally interested and 
equally required in the solution of the problem of Atom- 
Mechanics. 

Before we can proceed to the solution of any problem in 
mechanics we must know the distribution of the masses, as to 
weight and place. Accordingly, we begin Atom-Mechanics by 
the determination of the weight and the form of the Atoms. 
The solution of the first of these problems is given in the 
present volume. 

The commonly accepted atomic weights, including those 
of Stas, are shown to be all in error. These errors are 
found due to false methods of reduction, thus leaving the 
direct analytical results as most important empirical data to 
chemistry. 



Upon the false system of atomic weights has been built an 
equally false system of chemical science or philosophy, which 
has been almost universally accepted for a third of a century; 
it falls with the atomic weights on which it rests. In my 
■critical exposition of these errors 1 have always endeavored to 
act in the defense of the truth, rather than to attack the error. 
Only where I found the truth boldly assailed by most brazen 
declarations of error have I allowed my pen to pierce so that 
the error might perish. 

Having established the true and exact atomic weights, the 
constitution of the chemical elements as compounds of a single 
substance follows. The critical extermination of the fraud 
called the Periodic Law marks the way. 

Finally, the practical consequences are concisely drawn 
by indicating a method of rational alchemy. The conversion 
of base metals into the most valuable heavy metals probably 
will distinguish the chemistry of the coming half century, as 
prominently as the organic compounds obtained by means of 
the autoclave have marked the half century now closing. 

The work of which the present is the first — entirely 
independent — volume, has occupied my time during forty years. 
Its publication is a venture of my youngest son, who relies for 
success on the love of truth entertained by the general chemical 
public. I trust he will not be disappointed. 




St. Louis, Mo., Oct. 6th, 1894. 
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INTRODUCTION. 



Lavoisier, of immortal memory, defines as chemical elements 
all those substances which we have not yet been able to decom- 
pose by any means. * For over a century, chemistry has developed 
as the science of these Chemical Elements. In this time, a great 
body of well established facts has accumulated, which show that 
the most remarkable relations exist between these specific units 
of matter. From these empirical relations mechanics must de- 
termine the constitution of matter. In Atom- Mechanics we 
present the solution of this problem. 

Dalton introduced the term Atom into chemical science. 
Upon a slender basis of established facts he boldly placed the 
most wonderful generalization : that chemical elements combine 
in fixed, simple multiple proportions only. This generalization 
he immediately agaAi deduced from the hypothesis of chemical 
atoms, the relatively indivisible particles of the chemical ele- 
ments. An entire century of chemical research has established 
this generalization and accredited his hypothesis. 

♦Lavoisier, Discours prelim., page 17. 
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Humboldt and Gay-Lussac established the fact that two 
volumes of hydrogen gas and one volume of oxygen gas unite to 
form the new compound, water. Gay-Lussac discovered this 
fact of simple combining proportions by volume to extend to 
other gases. Avogadro, as early as 1811, generalized this fact. 
But it took the empirics of chemistry almost half a century to 
recognize that the law of Avogadro is one of the cornerstones 
of chemical mechanics. It practically suffices to determine which 
particular one of the series of exact multiples represents the 
simple, free particle or atom. The history of this subject has 
often been presented — so we need not dwell upon it here. 

The first determined and most important property of the 
atom is its weight. Taking the weight of one atom of hydrogen 
as unit, we may define the atomic-ivcight of any other element 
as the number of hydrogen atoms required to balance one atom 
of the given element. (Principles Chemistry, p. 6.) 

This definition raises jui important (|uestion, which has been 
repeatedly settled by empirics, but has invariably returned to 
new life. The (juestion in its oldest form is this : Will entire 
atoms of hydrogen siifilce to weigh the atoms of all elements 
exactly? If so, the chMuents could be considered as polj-meric 
modifications of hydrogen. 

We might, therefore, expect that under certain conditions 
hydrogen would be converted into other elements, or the latter 
dissociated into hydrogen, liut nothing of the kind has ever 
been observed or indicated, and the properties of hydrogen seem 
to be of an order comparable to those of the other elements. 
Accordingly, the so-called hypothcrtis of Puout (1815) is unten- 
able, chemically. Besides, the atomic weight of several elements, 
notably Chlorine and Copper, are most assuredly not exact mulU- 
ples of that of hydrogen. 

The definition given for the atomic weight suggests, however., 
a broader form of the hypothesis. 
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All the chemical elements, hydrogen included, might be the 
polymeric modifications of some primitive matter which we have 
called pantogen. If a hydrogen atom consists of two pantogen 
atoms, then we can weigh two atoms of all chemical elements by 
means of hydrogen atoms without fractions ; or the atomic 
weights of all chemical elements will be whole numbers — one- 
half of that of hydrogen being taken as unit. 

This modified form of the hypothesis of Prout was advocated 
publicly by Dumas while I was engaged in the same work, almost 
forty years ago. My letters addressed in 1856 to Forchhammeu 
of Copenhagen, Haidinger of Vienna, and to a few other dis- 
tinguished scientists, are evidence of this. 

A more extended paper on this subject I sent to the Physical 
Society of Berlin, January 26, 1857. My atomic weights system 
given therein was published by the Secretary, A. Kronig, as his 
own in 1863, in his Chemistry, and also in his "Neues Verfah- 
ren," pp. 53-60. (See Atomech, p. 3.) This small matter does 
not seem to have interfered in the least with the honor usually 
implied in such position. 

The labors of the most distinguished chemists, carried on for 
nearly a century, have demonstrated that the atomic weights of 
all elements are exactly equal to these values or approach very 
near to the same. Without at this point expressing any opinion 
on this subject, we may, therefore, empirically adopt these values 
as "common" atomic weights. That is the values, C=12, 
0=16, N=14, Pz=31, Fe=56, Ag=108 we will call the com- 
mon atomic weights of the elements specified. We selected the 
term ''common" because these values have been in common or 
general use for many years, especially before the publication of 
the results of Stas. They are even to-day in common use in 
most elementary works on Chemistry, especially those published 
in France. 

It should, however, be understood that while we have taken 
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11=1, we really use the sixteenth part of the atomic weight of 
oxygen as unit, that is, we put 0=16, taking, with Berzelius, 
oxygen as the common term of comparison. Thus the actual 
value found for H may be either greater or less than this unit. 

By means of the following table I hope to give a clear Aiew 
of the changing phases of the question of the true atomic weights 
of the elements. The values given correspond to five distinct 
periods in the history of this fundamental question of chemical 
science. The given values refer to the identical amount of mat- 
ter ; only in this wa}" can an exact comparison be made as to the 
degrees of approximation attained in the different times. 

HISTORICAL TABLE OF ATOMIC WEIGHTS 

FOR O = 16. 

DahoM. liorxolius. Marc*haiid. Stas. Ostwald. 

Xmn. 1819. 1947. 1S68. 1891. 

II 1. I O.yDi 1.000 1.002 1.0032 

C n.-l J 2. 052 12.00 12.003 

N 17.1 14.182 14.00 14.044 14.041 

Nn )ii\.77i) 22.07 23.047 23.058 

Mk 2;). X\H 24. 14 24. 38 

1' no. {I a I . ;iH i 31. 03 

S 2'J.M M2. IHd ;J2.00 32.074 32.063 

CI M;i.'II;i 85.40 35.475 35.453 

Ca 'llMMiri 40.00 40. 

Cu (14.0 (IM. MI (;;i. 44 63.44 

Vv r»l,'/V 50. 00 56.0 

Ajr 100, lOM, )«H lOH.OO 107.930 107.938 

Iljr )Hr4.irJ. •J(M). (H) 200.4 

PI) rJO. Uii\i,\'^ yo7. 12 206.934 206.911 

The nuuU* at n<<lurlJoii iiniMl will Im^I ho understood from the 
foUowinji; : 

II . C NO 

Dalton givoH 15 5 7 

Or, equivaluntH 1.1 5, 71 5. 71 8 

Hence, atom. welglitH 1,1 11. 42 17. 13 16 
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The values given by Dalton, 1808, in Thomson's "New Sys- 
tem of Chemical Philosophy/' are really equivalents merely. 
His value 7 for oxygen shows that all must be increased by one- 
seventh to bring it up to the oxj'gen standard. In order to con- 
vert these equivalents into atoms, those for C and O are doubled, 
that for N is trebled, while H remains unchanged. In the same 
manner all other values have been brought to the modern atomic 
standard. 

A careful inspection of this table shows that only during the 
last fifty years results have been obtained which come quite near 
to definite values. It is also seen that, generally, these values 
are very near to whole numbers, except in the cases of chlorine 
and copper, which approach equally closely to the fraction of 
one-half exactly. 

To make this as plain as possible, we represent in following 
table the departures of observation from the round or common 
values : 

TABLE OF DEPARTURES OF THE ATOMIC WEIGHTS 

FROM THEIR COMMON VALUES. 

Marchand. Stas. Ostwald. 

Common Weight. 1847. 1868. 1891. 

H 1. 0.000 0.002 0.003 

. C 12. 0. 00 0. 003 

N U. 0.00 0.044 0.041 

Na 23. —0.03 0.043 0.058 

Mg 24. 0. 14 0. 38 

P 31. 0.03 

S 32. 0.00 0.074 0.063 

CI 35.5 —0.04 —0.025 —0.047 

Ca 40. 0.00 0. 

Cu 63.5 —0.06 —0.06 

Fe 56. . 0.00 0.0 

Ag 108. 0.00 —0.07 —0.062 

Hg 200. 0.00 0.04 

Pb 207. 0.12 —0.066 —0.089 
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It will be noticed that there are only two values deserving 
special mention. The large departure for Phosphorus is evidently 
due to an error in the table of Marchand. The large departure 
for Magnesium under Ostwald appears due to error of method, 
and will be considered in the future. 

All the other departures are small, even the apparently large 
one for Mercury, the atomic weight of which is very high. 

This table thus clearly shows that the atomic weight of these 
fourteen most important elements is certainly very near the com- 
mon value ; but for these elements the atomic weight is among 
the most careful!}' determined. 

The question now immediately arises: Are these minute 
departures real^ or are they due to residual errors, experimental 
or mathematical, or l)oth? This question is of the utmost im- 
portance both to practical and theoretical chemistry. 

In practical chemistr}- we need the exact value of the atomic 
weights for the reduction of analyses. If we make use of atomic 
weights less accurate than our actual analysis, we necessarily 
falsify the results of the latter. If the minute departures of the J 
School of Stas are erroneous, then all chemical analyses reduced 
by them have been falsified during the last quarter of a century. 
This would apply specially to Germany, where these Stasia^. 
atomic weights have been universall}" adopted. 

In theoretical chemistr}'^ the consequences of such errors are 
slill more harmful ; for if these departures are not real, the 
atomic weights of all chemical elements are exact multiples of 
half that of hydrogen, and consequently, the elements may be 
considered as polymeric modifications of one substance the 
atomic weight of which is one-half that of hydrogen (pantogen). 

The careful study of this question is the object of this first 
volume of my Elements Atom-Mechanics. Y shall show that 
these departures are not real, but simply represent the residiMA 
errors of analysis and calculation ; that the atomic weights oan 
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be determined independently of such errors by means of my 
JLimit method; and that, therefore, the chemical elements are 
polymeric compounds of pantogen, the atomic weight of which is 
half that of common hydrogen. 

In order to properly present this subject — my solution of this 
fundamental problem of chemistry — it will be necessary to give 
a historic outline of the determinations of the atomic weights of 
the chemical elements. We shall distinguish the two great 
periods of progress marked by the names of Berzelius and Du- 
mas, both of which chemists were eminent representatives of 
true inductive science, and worthy followers of Galilei. We 
shall next learn that Stas was a typical representative of the 
absolutely empirical state of chemical investigation that has 
marked the last thirty years during which chemist;^, and even 
some physicists, have acknowledged Bacon as their master. Ac- 
cordingly, they have become lost in the tangles of a spurious 
accuracy and have succeeded in obliterating from the records of 
Chemistry the results of the great masters. Moreover, while 
analysts like Richards follow the footsteps of Stas, the mathe- 
matical chemists who have published elaborate revisions and 
recalculations of the atomic weights, have been mislead by the 
same appearances of accuracy, so that Ostwald, Clarke, Sebelien, 
Van der Plaats, and Thomsen have but confirmed the chemists 
of the past third of a century in their errors, which accordingly 
have gradually become fixed as tenets of faith. 

We shall now proceed first to the consideration of the work 
of the true masters of chemical science, represented by Berzelius 
and Dumas ; thereafter we shall closely follow Stas and his school, 
and show by what fata morgana they have led chemists into a 
desert of error. The critical part we shall cut as short as pos- 
sible, and depend mainly upon positive demonstrations obtained 
by our methods. Finally, we intend to give the true composition 
of the Chemical Elements, and shall show that the dream of the 

« 

old is realized : s'v to r^av ! 



PART FIRST. 



A CENTURY OF RESEARCH 



ON THE. 



ATOMIC WEIGHTS OF THE ELEMENTS. 



CHAPTER I. 



THE OLD MASTERS. 



Jons Jakob Berzeliis. 

Berzelius had studied the subject of combining proportions as 
far back as 1807, especiall}' on the lines marked out by Richter. 
In his Elements of Chemistry, published that year, he showed 
how a few good analyses would suffice to determine the exact 
composition of all other compounds, by a simple calculation. 
He accordingly resolved to carry out such a series of funda- 
mental analyses. (Essai, p. 15-16.) 

When he became acquainted with the ideas of Dalton con- 
cerning multiple proportions, he found among the great number 
of his analyses of which lie had already the result in hand, such 
a confirmation of the theory of Dalton that he could not help to 
push the work farther. Thus the plan of his investigation was 
extended to the subject of combining proportions in its entirety 
— a subject which he found to be vastly more comprehensive 
than he had anticipated when beginning this work. (Essai, 
p. 17.) 

In this field of work he spent most of his long life and accom- 
plished the greatest success so that for over a generation he was 
justly looked upon as the grandmaster of chemists. His Ele- 
ments of Chemistry was the standard reference book of the 
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chemical world and the brightest rising chemists went to his 
laboratory in Northern Europe to learn from the master himself 
what degree of accuracy it is possible to attain in quantitatiTe 
chemical analysis. The great German chemists, Wohler, brothers 
Rose, Mitscherlich, and others, have acknowledged their indebt- 
edness to their Swedish master. 

The earliest publications of Berzelius in which the law of 
Dalton really finds its first experimental demonstration, is bis 
'* Experiments concerning the fixed proportions in which the 
constituents of inorganic nature are found to be united." 

Its first part appeared in Swedish in 1810, in German in 1811. 
The entire essay has recently (1892) been republished as No. 35 
in '* Ostwald's Klassiker " under a long-winded title which is an 
incorrect translation of the well chosen title of the Swedish 
original, wiiicii we find in Sebelien, p. 13. 

Tiic subject of multiple proportions not being under consider- 
ation, we will need to present here only some cases of determina- 
tion of combining proportions, to show what degree of certainty 
and tuii'Mnicy wan attnincd by Berzelius at that early day in the 
d<d<'nniniiiion of iitouii(; wciglits. Our references will be the 
rcc<?nt (edition hpcrifiiid, the only one nt band. 

Thti uiohI iiiMtiiKitivt! iind (;Iiaracteristic case we can take is 
that of Lciiil. \Si'. mIihII compare the results of the determina- 
tion of Bcr/tftiuM with tht^ ratJoH calculated from the common 
atomic wcij^lil.K I'b. -'1^)1, ().-M<;, 8=32, which give 

I'b () : I'b =:1.()773 ; 1 
I'b S : I'b . -l.liVK; : 1 
I'b O^S; I'b — 1.4r,3H : 1 
I'b (^S: I'b ()--l.;iriH7 : 1 
I'b O^S: I'b S : 1. 2077 : 1 

Berzelius made live d«t.4frnihmtlonH of tiie amount of Pb O 
resulting from a given weight of purn UmmI, taking usually 10 
grammes for a determination (m<u» p. 0). Tlie pure lead was 
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dissolved in nitric acid, the solution evaporated to dryness, and 
the residue ignited in determinations 1, 2, 3. In determinations 
4 and 5 the solution was precipitated by ammonium carbonate, 
the precipitate filtered, washed, dried and ignited. . Accordingly 
the last two determinations are necessarily low, (10.75 both) 
Berzelius properly disregards them in his final result. 

The following are the weights of Pb O obtained from 10 
grammes of lead : 

1. E<-ap. in Pt. dish 10.77 

2. Evap. in orig. glass vessel 10.775 

3. As in 2, vessel very long neck.. 10.78 

Adopted by Berzelius 10.775 to 10.78 

Calculated as above 10.773 

It is evident from the statement of his results that he 
weighed to the centigramme onlj^ in these earliest determina- 
tions ; a few times we find a 5 milligramme, evidently as estimate 
between two centigrammes. 

With this understanding as to the lim't of weighing, we must 
acknowledge that Berzelius determined the atomic weight of 
lead as we now accept it, namely Pb=207. It is easily calcu- 
lated that a change of one unit in this atomic weight would make 
a change of two centigrammes in the weight of the oxide result- 
ing from 10 grammes of lead. This change is double the actual 
range in Berzelius determinations. He therefore fixed the exact 
entire number of the atomic weight of lead in his earliest deter- 
minations, as far back as 1810. This must be looked upon as 
truly marvellous, when we consider the intrinsic difficulties of the 
problem, and the exceedingly high atomic weight of the lead. 

At the close of his first paper (1. c, p. 50), he gives another 
determination made with 25 grammes of lead that had been puri 
fied with especial care. He obtained, by evaporating and ignit- 
ing in the same glass vessel in which the solution was effected, 
25.925 grammes of Pb O. This is only 7 milligrammes less than 
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the value calculated from our atomic weights. A truly aston- 
ishing degree of precision. 

Berzelius also made three syntheses of lead sulphide (1. c, 
p. d). Ten grammes of lead gave him 11.55, 11.555 and 11.56 
grammes of sulphide. The value calculated from the CQmmoD 
atomic weights is 11.546. This differs by only one half and one 
centigramme from the result of the last two determinations. 

He repeated these determinations afterwards (1. c, p. 48) 
with the specially purified lead and used also larger quantities. 

Lead. Lead Sulphide. Calc. 

25 grammes gave ....„ 28.855 28.865 

15 grammes gave ^... 17.3125 17.319 

15 grammes gave 17.31 17.319 

This shows that Berzelius obtained within 10, 6, 9 milli- 
grammes the true weights, notwithstanding the fact -that he 
operated on comparatively large amounts of substance. 

BiM'zclius also converted the sulphide into sulphate by cau- 
teouH oxidation with acjua regia. In two determinations (1. c, 
1). 11) Wi\ grammes of sulphide gave him 12.65 and 12.64 
graiiniuiH of niilphiitts instead of the calculated value of 12.677. 
The Hlijjjhtly j^rcattT error is simply the expression of the greater 
chenfuMil (lilliciilt y of the operation. 

More iict'iirnte U the <*oiiversiou of the metal itself into sul- 
pliate, hy <llH«olvlii^i; it in nitric aeid, and evaporating with slight 
exccHH of Huiphnrle iieid. lierzelius obtained (1. c, p. 12) from 
10 gramnieH of leiul : ii, M.()*2 ; h, ItJ^M.') and in c, 13.575 of sul- 
phate from 10 of oxiile, whieli Ih 11. 020 for 10 of lead. Of these 
the only experhnenl (•onipleteii directly is b ; this gives 14.635, 
which is almoHt Iilentl(!iil with tluMnhie 1 1.OJK^ calculated from 
the atomic weigh tn. 

Repeating these (leternilnatlonH (I, e., p. jI) Berzelius ob- 
tained from 30 gramnieM (»f his s|)eelally pnritled lead 43.90 
grammes of sulphate, oorreMpondIng to 14.<)M:I for ten grammes 



Atomic Weight of Lead. 15 

of lead ; this is within 5 milligramnies of the calculated value 
given on opposite page. 

He also converted the purest lead oxide into sulphate, (1. c, 
p. 51). 

No. Pb O used Pb O4 S found Per 10 Pb O. 
2 30 gr. 40.77 gr. 13.590 

4 15 gr. 20.365 13.577 

mean 13.584 

calculated 13.587 

This shows only 3 milligrammes difference on 10 grammes 
of lead oxide. 

In his Essai^ Paris 1819, Berzelius states (p. 144) as final 
result of his analyses of lead oxide, that they have given from 
7.72 to 7.74 of oxide per hundred of lead. The mean of these 
extreme limits is 7.73, which for 0^16 gives readily Pb=:206.99, 
or only one hundredth less than 207. This is much more ac- 
curate than any of the more pretentious recent determinations. 
Berzelius (1. c.) adopts 7.725 as the most reasonable value ; this 
gives Pb=:207. 10, which is also a very good approximation for 
1819. 

These few examples must sutfice to furnish an idea of the 
manner in which Berzelius worked and the remarkably accurate 
results he obtained. 

It is interesting to add his syntheses of silver sulphide (1. c. , 
p. 89). The first determination gave 2.993 gr. sulphide from 
2.605 gr. of silver, or 11.489 per 10 gr. of silver; in a second 
determination he obtained 11.49 sulphide from 10 gr. silver. For 
common atomic weights, Ag=:108 and S=:32, we have 

Ag2: Ag2S=10: 11.482 

so that Berzelius also here came within the limit of his weighings. 

We may add that the mean value obtained by Stas in five 

determinations (Sebeli6n p. 88) is 11.485 against the mean 
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11.489 of Berzelius ; a difference of only 0.004 per ten or O.OO04 
per unit of silver ! 

It need hardly be stated tha^ Berzelius did not allow for the 
buoyancy of the air, or reduced his weighings to a vacuum. He 
n^'as perfectly right to pronounce* it '*a straining at gnats and 
a Hwallowing of camels'*; for at his time the individual deter- 
minations differed more than the amount of such correctioDS. 
lUfHides, we shall see that, on the whole, this refinement basin- 
•trod need errors of considerable magnitude, and that perfectly 
«(;xfi('t rcHults can be obtained without resorting to the same. 

The accuracy of the analyses of Berzelius being the admira- 
tion of the chemists of the world, he was requested to make 
'kn(»wii his methods of procedure. Sebelient reports the follow- 
ing as the answer of Berzelius: 

'*Try to llnd tliat method of analysis, in which the accuracy 
** of the result will dei)end to the least extent on the skill of the 
^'opcratinjr cheiniHt ; and when this method has been selected, 
'Mhen coimidor what unavoidable conditions are present which 
'' may cause errors in the result, and ascertain whether they will 
^Mncrease or diminish the same. Thereafter make another de- 
*M.ermin:itlon, in which exactly the opposite effects only can be 
'• produced. If the result rcnmins the same, the determination 
*' was correct.'* 

I have translated this admirable rule of Berzelius in full, be- 
cause it has ])een for^roUon, lo! those many years. But the rule 
is as important to-day as it was when Berzelius gave it form and 
governed himself accordingly. By the application of this rule 
fully one-half of all modern determinations of the atomic weight 
of the chemical elements will l>e thrown out from the annals of 
Chemistry to which they never should have been admitted ; some 
•of the '* finest work " of whicJi the present generation is particn- 



* Quoted by Sebelien p. 45— See Matt, xxlll. 24. 

+ P. 13; quoted from Gilbert's AnnukMi, N. F., XVUI. p. 537. 
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larly proud and on which the high reputation of the " perform- 
ing chemist ^^ largely rests, will have to be considered as if it 
had never been done. 

Most assuredly this rule of Berzelius condemns many of the 
operations of Stas (Example, the weighing of the hygroscopic 
lithium chloride, Aronstein pp. 287-292) and of his most faithful 
followers of to-day, (Richards, Ztschr. anorg. Chem. VI, pp. 
119-120; 1894). 

The depth of scientific insight which characterizes the work 
of Berzelius is doubly remarkable because most of his special 
work was necessarily empirical in its nature. This is particu- 
larly the case in all his analytical work. It is therefore here that 
we. find traces of the empiric (see pp. 49-51 of his Versuch). 
The most noted instance of the kind is his condemnation of 
Proofs hypothesis as disproved by his own analyses. See Traite, 
1838, II, p. 264, where he denies the possibility of this hypothe- 
sis on the ground that his determinations of the atomic weight 
of lead range between 1293.17 and 1295.6, while the " multi- 
ple " of 12.5 should terminate in 87.5 and 100. But the multi- 
ple of 6.25 falls on 1293.75 which is 207 times that very number, 
to bring it up to Berzelius' O^IOO. 

Berzelius used a very large unit (0=100 instead of 16) and 
in his later years carried out his reductions to two and three 
places. In the tables attached to his Rssai of 1819, the atomic 
weights are uniformly given with two decimals. It is scarcely 
necessary to say that all these decimals are worthless ; in a large 
number of cases even the unit is entirely uncertain. We add a 
lew examples at random (p. 73, 1. c.) : 

OP Pt Pb 

Berzelius 100 392. 30 1215. 23 2589. 00 

'' 16 31.3840 97.2184 207.1200 

Common 16 31 ? 207 

3 
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When it is remembered that even to-day the unit place of 
atomic weights on the scale of 0=16 in a number of cases is 
still in doubt, the four decimals of Berzelius* numbers resulting 
for 0;=16 are recognized as utterly worthless. Therewith falls 
necessarily his ''experimental*' condemnation of the hypothesis 
of Prout. 

We cannot leave the period of Berzelius without calling 
special attention to the fact that chemistry owes its symbols and 
formulae, that is, its symbolism, to this great chemist, (Essai p. 
109-113). This fact is too important to be ignored in our com- 
mon textbooks. It is impossible to estimate the advantages that 
have flown from this admirable sign-language of Berzelius. — 
For our generic symbols, see Atomech. p. 7 and Contrib. 4, 
p. 48. 

In conclusion we give [a smoothened transcription of G. 
McGowan's horrible translation of Ernst von Meyer, p. 198,] the 
closing words of the Memorial Oration of Heinrich Rose on 
Berzelius, delivered on July 3, 1851, before the Academy of 
Sciences at Berlin. 

"When a man who is endowed with exceptional talents as 
an investigator enriches every branch of his science with the 
most pregnant facts, distinguishes himself equally in empirical 
and speculative research, and grasps the whole subject in a 
philosophical spirit ; when he arranges each detail systematically 
and clearly, and publishes the whole in a systematic treatise, 
critically sifted and perfect in form ; when, finally, he proves 
himself also a noble exemplar of a practical and theoretical 
teacher to a large number of disciples thirsting for knowledge — 
that man has so perfectly met the highest demands of his science, 
that he will for ages to come, remain a brilliant model." 



Jean-Baptiste Dumas. 

ft 

The year 1840 marks a new epoch in the history of the de- 
termination of the atomic weights of the chemical elements. On 
December 21, J. B. Dumas presented his ^^ researches on the 
true atomic weight of ca^'bon*' to the Academy of Sciences of 
Paris. These researches were published in full at the head of 
the third series of the Annales de Chimie et de Physique, in 
January, 1841. 

The process selected by Dumas to determine the true atomic 
weight of carbon, is the most direct possible ; namely the weigh- 
ing of the product of combustion resulting from a weighed 
amount of carbon burnt. 

He weighs the carbon — in the form of graphite or diamond — 
in a platinum boat ; exposes it, at a white heat, to a current of 
pure oxygen, and absorbs the carbon dioxide so formed in a 
series of potassa bulbs, properly supplemented by drying tubes ; 
the increase in \^eight of the absorption tubes is the weight of 
the carbon dioxide produced. 

Great care was taken to remove all traces of carbon dioxide 
from the oxygen gas used ; by storing the gas in a gasometer 
containing lime water he accomplished this object in the simplest 
manner. 

The accurate weighing of carbon in the form of graphite was 
found to be practically impossible, on account of the cleavages 
and the pores of this form of carbon, causing more or less 
condensation of gases on the same. Curiously enough, chemists, 
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by universally combining the results obtained from graph- 
ite with those obtained from diamond, have deokured it imma- 
terial, whether the weight of the substance used is accurately 
known or not. Dumas has, however, kept the results obtained 
from the diamond separate, and specifically insists (1. c, p. 21) 
that ** the diamond, not being porous, it has been possible to re- 
move this error from our determinations, and we have been able 
to obtain a certainty in all our results which graphite did^ot 
give us to the same extent. Accordingly, out of five combus- 
tions of the diamond, there are three which give the experi- 
mental ratio 8000 to 3000 for oxygen and carbon. The two 
others scarcely differ therefrom." Tnat is 16 to 12 exactly, to 
the thousandth of a unit. 

All carbon contains some foreign matter ; if fixed and inconi- 
buBtil)le, it remains after the process has been completed^ and is 
weighed as ashes, and subtracted from the total weight used to 
get the real weight of carbon burnt. 

Also in this regard, the diamond is the only form of carbon 
that should be used. Protracted boiling in aqua regia removes 
everything soluble ; the hardness of the substance prevents all 
loss by mechanical handling. The ashes, as real inclusa of hard, 
insoluble ininenils, are minute in amount and absolutely un- 
changed in the process. 

This, together with the extreme accuracy attained by Dumas, 
is shown in the first combustion, of which he presents the follow- 
ing interesting account on page 21 of the paper mentioned. 

** The first time we burnt diamond we had it weighed by a per- 
son who was a stranger to our experiments ; accordingly we did 
not know the weight taken. We used scales of diamond, as 
much to try our apparatus, as to make a determination.* The 
combustion completed, we found 2598 of carbonic acid, from 



* Hence the relatively largo amount of ashes.— Hlnrlchs. 
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which we concluded that the diamond burnt weighed 708 milli- 
grammes.* At this statement the person who had weighed the 
diamond was disconcerted, having put 717 milligrammes in the 
boat. We told him immediately, that he would find 9 milli- 
grammes of residue in the boat, and it actually contained 9 milli- 
grammes of fragments of Brazilian Topaz." 

The following is a complete record of the results of Dumas' 
combustion of the diamond. All weights stated in milligrammes. 





Diamond. 










Kp. 


Numbert Weight 


Ashes 


Carbon 


CO2 


Ratio 


1 


Scales 717 


9 


708 


2598 


3.6695 


2 


18 86*5 


1 


864 


3167.5 


3. 6661 


3 


6 1221 


2 


1219 


4465 


3.6628 


4 


5 1233 


1 


1232 


4517 


3.6664 


5 


. grains 1377 


2 


1375 


5041 
Mean.... 


3. 6662 
. 3.6663 



This is 3§ or exactly three-elevenths, to the fourth decimal 
almost, which is short only 3 ten thousandths. That is, carbon 
to carbon dioxide is as 3 to 11 exactly. 

Hence if carbon be placed at 12 exactly carbon dioxide is 44 
exactly, and for the formula CO2 each oxygen will be 16 exactly. 

Here it may suffice to say that the combustions of diamond 
effected immediately after this by Erdmann and Marchand gave 
practically the same final ratio 3.6655 and H. Roscoe in 1882, 
obtained, b}^ burning over 6 grammes of diamonds from the Cape, 
the value 3.6660. 

A detailed study of these results will be given at its proper 
place. Here we only wish to give an idea of the brilliant re- 
search of Dumas, made in 1840. 

Two years later he presented to the Academy his " Researches 
on the Composition of IVater '* which were printed in full in 

* Namely C: C02=12:44=3:ll and three elevenths of 2598 is 708»4.— Hinrichs. 
+ Number of single diamonds used. 
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Vol. 8 of the Annales de Chimie et de Physique. The object 
of this research is the determination of the exact ratio of the 
atomic weights of hydrogen and oxygen. 

After a careful examination of all analytical researches made 
for the determination of the atomic weights I emphatically de- 
clare, that these researches of Dumas are the most important of 
all, marking as they do, the beginning of the analysis of precision^ 
and offering also the first — and thits far the only — ^instance of a 
true series of detcrminatioNs^ such as is required to furnish the 
almohite value of the atomic weight by our limit method. Finally, 
W(t uuiHt also admire in this work of Dumas the masterful selec- 
tion of the material required, the judicious limitation of the com- 
phixlty of the apparatus employed and the directness of the 
openitionH to be performed. 

TheHo two ri'soarches of Dumas will forever remain the proto- 
typcH for the oxporimontal work required in the determination of 
the fiindaniental constants of chemistry, the atomic weights of 
the cUnncntH. On those two marvelous researches it has been 
poHsible to base the exact determination of the atomic weights 
of all elenionts. The two researches of Dumas on the combus- 
tion of the diamond and the synthesis of water, form the corner 
stone of the HyHteni of exai't atomic weights. 

It is a strange fa(?t that these very researches are generally 
considered Himply us ch?ver analytical determinations, the pre- 
tended results of whicli luive been found to be inexact, especially 
by the labors of Stas who Horveil as assistant to Dumas during 
his research on carbon. And right here let us insist that the 
work of Stas is the best possible evidence of our statement that 
he was nothing but an assistant to Dumas in that first research, 
and had no part in the real at^ientlllo work accomplished by 
Dumas. 

Furthermore we are bound to admit, that Dumas himself did 
not completely understand the far reaching bearings of his ad- 
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mirable process. His object was simply the determination of 
of the true atomic weight of carbon and hydrogen in reference to 
oxygen; namely 0=12 and H=l for 0:=16, exactly. This ob- 
ject he attained, consciously. But he conformed, necessarily, to 
the method of his day in combining, in part, the results for the 
diamond with those for two kinds of graphite into a general 
mean, and in retaining the calculation of the mean as the true 
Yalue of the atomic weight sought. 

No reproach can fall on Dumas for not solving the mathe- 
matical problem involved, as well as the chemical one. But it is 
partly owing to this fact that the results of Dumas have been prac- 
tically blotted out from the annals of Chemistry, and have, for half 
century, been covered by a mass of conflicting data of apparently 
high accuracy, proceeding from his whilom assistant Stas. 

Dumas has also (1859) effected admirably accurate syntheses 
of chloride and sulphide of silver, which we shall learn to appre- 
'ciate in subsequent parts of this volume, as well as his experi- 
ments on Iceland spar. 

In his desire to obtain, in a short time, a great number of 
new determinations of atomic weights, he unfortunately, after- 
wards made extensive use of a method which seemed above re- 
proach, but which must be held largely accountable for the de- 
generation of the science of atomic weights since 1860. This 
method affects also all data of Stas. 

The method referred to is the volumetric silver process. 
Originally introduced by Gay-Lussac for the practical purpose 
of the wet- way assay of silver and its alloys, it was in 1845 re- 
commended by Pelouze for the determination of atomic weights 
also. This method has been the object of much study by chem- 
ists. Dumas and Stas both worked in this field, and some of the 
finest twists have been given recently to this method by Richards 
in this country. Not even the modern theory of the dissociation 
of compounds into their so-called ions has been able to warn 



24 Dumas. 

chemists from this, at first rapid and ready method, which how- 
ever, now* has become '' hopelessly troublesome" and therefore 
may soon reach the happy stage of ^* inoccuous desuetude." 

While this is not the place for ars^ument on this point, it may 
be proper and convenient already here to declare categorically, 
that no value of an atomic weight, determined by any volumetric 
process, deserves to be considered other than in the light of a 
preliminary approximation. 

But since for all elements, approximate values of their atomic 
weights were known before this method was applied, there was 
no reason for introducing it at all. 

Dumas, in bending his knee to Baal, and leaving his slow but 
admirable processes for the quick and popular methods of the 
day, contributed to the unfortunate obliteration of the sense of 
scientific criticism, which has characterized the last thirty years 
of chemistry in this important field of the determination of the 
atomic weights of the chemical elements. 

In this manner Dumas contributed himself to the subordina- 
tion of his permanent and fundamental determinations to those 
of Stas and his school, which are of a transitory value only, like 
the passing fashions of a frivolous world. Not only the disciples 
of Stas, coolly declare the values of Dumas as of an inferior 
order when conflicting with those of Stas, but even Schutzen- 
berger (p. lU) in the brief eloge of his beloved master, raises 
Stas to the dignity of a rival of Dumas — an estimate which the 
impartial history of our science must consider an unintentional 
and involuntary insult to one of the greatest chemists of all 
times. 

Chemists of the Old School. 

In this connection we must say a few words about two most 
meritorious German chemists, whose important labors also have 



* Richards.— Ztschr. anorg. Chem. VI, p. 120; 1894. 
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I become forgotten in their fatherland, and whose admirable re- 
: suits are quoted historically only to be branded as inexact and 
I replaced by the " more accurate " results of Stas and his school. 
These two chemists are Erdmann and Marchand. 

I regret exceedingly that it has been impossible to find trust- 
worthy data concerning the most interesting period of activity of 
these two great analysts, who in many regards are worthy of 
being called rivals of Dumas in the most honorable sense of the 
term. The publication of their results was subsequent to that of 
Dumas — and as they were published in Erdmann' s own Journal 
fiir praktische Chemie, there can have been no editorial delay. 

Thus, the combustion of the diamond was reported by Dumas 
to the Academy of Sciences of Paris on December 21, 1840 ; pub- 
lished in the first monthly number of the Annales for 1841 ; re- 
printed in Erdmann's Journal fiir prakt. Chemie, Vol. 23, p. 159, 
which is the middle volume for that year (May to Aug.). Liebig 
put Dumas' work in Vol. 38 and that of Erdmann and Marchand 
in Vol. 44. They surely followed Dumas, but so closely that 
their plans might have been laid independently. 

The combustion of hydrogen to water was presented by 
Dumas to the Academy of Sciences early enough in 1842 to find 
a place on p. 537 of the first semi-annual volume of the Comptes 
Rendus. It is republished in Erdmann' s Journal in the second 
or middle volume for the year (May to Aug.), beginning on page 
456 of that volume, while on page 468 the corresponding deter- 
minations of Erdmann and Marchand are given. I gather these 
data from the very useful index to atomic weight determinations 
of Meyer and Seubert, Leipzig, 1883. 

There are, however, several important differences between 
these researches of the German and French chemists, notwith- 
standing their rapid succession in time, their correspondence in 
method and remarkable concordance of results. Those of Dumas 
are everyway the broader and cover a wider horizon. Above all. 
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there is nothing in the determinations of Erdmann and Marehand 
resembling the regular series of determinations made by Dumas 
with greatly increasing quantities of hydrogen ; and accordingly, 
the limit method finds in this admirable series of Dumas, the 
only material permitting its application to the data of one and 
the same analyst. 

Recently the claims of S. Baup of Lausanne have been pre- 
sented by W. Robert* as entitled to the credit for the deter- 
minaticfh of C:0=12 :16 exactly. But his analyses of the pyro- 
citrate and itaconate of silver can, at best, only be used to 
furnish the ratio C :Ag and cannot, for a moment, be compared 
to the method of Dumas. 

The decade so auspiciously ushered in by Dumas was remark- 
ably rich in very good atomic weight determinations — which, 
however, have all been covered by the same material, so abund- 
antly produced by the school of Stas. Hence when a good, re- 
liable determination is wanted, it becomes necessary to go back 
half a century and dig out the results from under the abundant 
modern deposit of exact science falsely so called. We shall have 
frequent opportunities for such experience. 

Erdmann and Marehand, already recognized, furnished excel- 
lent work on Calcium (from 1842 to 1850) and made good de- 
terminations on Iron, Copper and Mercury in 1844. They since 
gave determinations for Nickel, Selenium and Magnesium. 

VoN Hauer in 1857 made careful determinations on Cadmium, 
Manganese and Tellurium. 

Maumkne furnished a most extended series of determinations 
in 1846, of which especially the analyses of the organic salts of 
silver will prove highly important, permitting the linkage of car- 
bon with silver. 

The most important worker in what we may call the period or 
school of Dumas has just closed his eyes forever at Geneva, 

^Bulletin Vaudoise, XXIX, pp. 192-193; 1893. 
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April 15, 1894. We shall soon see that the work of Marignac is 
often superior to that of Stas, and is nearer the true values be- 
cause the pertubations due to mass were less in his experiments, 
having almost invariably used much less amounts in his opera- 
tions than the chemist of the mint of Brussels. 

We cannot close this list of honor without specially express- 
ing our approbation of the work of a chemist who apparently has 
long been forgotten and made determinations of pne single ele- 
ment only ; but this element, under the limited facilities for pro- 
tection at the disposal of P. Louyet, took his life as the prize of 
the very excellent determination of the atomic weight of fluorine, 
wherewith he endowed chemical science. 



CHAPTER II. 



STAS AND HIS SCHOOL. 



Jean-Servais Stas. 

We will endeavor to present a clear and just expoBition of the 
work* of this distinguished chemist, who for a third of a ceotuiy 
has l)een, and still continues to be considered as the greatest 
and most successful worker in the field of the determination of 
the atomic weights of the elements. If the determinations of t 
chemist differ appreciably from the results of Stas, the chemical 
world of to-day looks upon the new values as suspicious. If the 
results of Dumas, or of any other chemist of high renown, fail to 
MgriM! with the values of Stas — the latter are accepted as true 
and the former are condemned as inaccurate, and no amount of 
intcninl evidence of perfect accuracy will save the conflicting 
chcuiist frcmi disgracefully being showed aside as unworthy of 
roimidcnition.t 

Not only are the numerical values of the results of Stas uni- 
vriHiilIy nc<u;pted, but the philosophic inference which Stas has 
drinvn from them, is admitted with equal readiness. We refer to 
Mil' ronc^hision of Stas that the unity of matter is a chimera, and 



* Wi' mIiiiII (|ii()t<> from the tninslatioii of L. Aronstein, pubUshed by Quandt 
fit ll||ti(li-l. Ii««l|i/.li:, IH«i7. pp. Xir, 347; 8vo. 

I s,.,, Hi'iitlliMi, pp. K2, ifi), 115, 147 and especially p. 155. The last case would be 
inifil hiilh'ioiiM. If M. wrre not an aKgravatlug exhibition of absence of crlti- 
rUiit. Mi'hi'MiMi I'li'iirhrd his condemnation of the results of Dumas by saying 
\\\n\ " MliiH hlirmi'lf di'i-hin's ho has no doubt about the accuracy of his values." 
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"^hat those who have been searching for it have been outside of the 
UDOundaries of science, and are mere speculators and dreamers. 

We shall faithfully present the work of Stas and its reception 
"by the chemical world as it stands recorded in the annals of 
•chemical science — and shall purposely refrain from all critical 
remarks, leaving this important branch of our subject for a sub- 
sequent chapter of this work. 

Stas had the advantage of the example of Dumas, who even 
mentioned the name of his assistant in the title of his research on 
the combustion of the diamond, in 1840. In one particular, 
Stas continued in the way shown him by Dumas — namely in the 
use of large quantities. But while these for Dumas were auxil- 
^ iary and used only in a graded series, Stas made them essential 
- and started with weights equal to those reached by Dumas at the 
end of his series. 

While Dumas produced from about 20 to 100 grammes of 
water in his memorable syntheses, Stas used from 100 to 400 
grammes of silver in each of his syntheses of silver nitrate. In 
fact, no chemist has used so large quantities, in exact analyses, 
as Stas has done in almost all his determinations. In his syn- 
theses of lead nitrate and the conversion thereof into sulphate, 
Stas used not less than 100 grammes of lead and made two de- 
terminations with 250 grammes each. 

This use of enormous quantities for exact determinations, 
made a great impression in favor of the results of Stas, not only 
on the general chemical public, but even on the mind of those 
specialists who have undertaken to critically reduce all atomic 
weight determinations made by different chemists. 

Thus Clarke, after having tabulated the values obtained by 
Dumas in the synthesis of silver sulphide (p. 28), very forcibly 
conveys to the reader the impression made on his own mind by 
the large weights used by Stas, when saying: 

'* Dumas used from ten to thirty grammes of silver in each 
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cxperimcut. Stas, however, in his work employed from sixty to 
two hundred and tlfty grammes at a time." 

Ostwald, the most renowned of the chemists who have csn- 
fully recalculated all of Stas' determinations, is equally fordblj 
impressed })y the enormous quantities used by Stas. He \m 
(p. 25-21) ) submitted this question to what he considers a m&t- 
tific examination, from which he concludes that, in general, the 
accuracy of determinations are directly proportional to the quan- 
tities used. This predisposes his readers, quite at the begin- 
ning of his bulimy work of over a thousand pages, to join in the 
opinion thut in eases of differing results, those of Stas deserve 
the preference even on this ground alone. The use of very large 
(|uantities produced in the chemical public still another inflaence 
that, no doubt, greatly contributed to the marvelous -«renown of 
Stas. For it is impossible to use large quantities of matter in re- 
fined analytical operations except at a truly wonderful sacrifice 
of time, care and labor. Now this feature has not been neglected 
in the accounts which Stas published of his work. The time 
necessary for a simi)le operation increased from a few hours to 
many days ; the handling of the enormous masses required the 
construction of special mechanical appliances ; and withall, the 
care of Stas was so extraordinary, that his weighings agreed al- 
most to the milligramme on these enormous masses, after having 
subjected them to complex chemical and physical operations. 
The effect produced on the chemical mind of the world was 
stupendous, crushing — it was a true effect of mass in the chemi- 
cal sense. 

A very special feature in the work of Stas is the ''^complete** 
synthesis or analysis. lie weighs each ingredient separately, 
also the product obtained ; and finds this to be almost identic 
with the sum of the weights of the constituents used. This 
process would seem to absolutely exclude the possibility of error. 
In this manner he effected complete syntheses of silver iodide 
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. and silver bromide. He also made two complete analyses of sil- 
ver iodate, collecting and weighing the oxygen produced by the 
. dissociation of the iodate, as well as weighing the iodate used 
5% and the iodide remaining. 

^ Another much admired special feature of the work of Stas is 
^ the repetition of a given determination according to different 
^ methods and by the use of materials produced by different pro- 
cesses. Yet, under these varied conditions, the results obtained 
_ were almost identical. Thus, the ammonium chloride he used, he 
prepared according to four different methods (pp. 49-60) ; silver 
iodate he prepared in four different ways also (pp. 61-76) ; the 
synthesis of silver chloride he effected according to four differ- 
ent processes (pp. 171-176) ; etc., etc. In addition he used the 
utmost care in the selection and construction of all the apparatus 
he employed. His special study of glass, as to its power of re- 
sistance to chemicals under the specific conditions of his experi- 
ments, has become famous. 

In weighing, he not only employed all customary artifices in 
using counterpoises like the vessel actually employed, and allow- 
ing for the buoyancy of the air as exerted upon the body weighed 
— but he also took into account the buoyant effect of the air on 
the weights themselves (Sebelien, p. 50). 

We have not room for further details on this subject. What 
has been said wiJl suflSce to make the reader understand how the 
publication of the papers of Stas in 1860 and 1865 took the 
chemical world as it were by storm. The entire chemical liter- 
ature of the past third of a century can be used to supplement 
what we have said here. 

But besides all this, there was still another very potent ele- 
ment for admiration in the work of Stas — not experimental, but 
mathematical. 

Stas takes it for granted that if potassium chlorate is disso- 
ciated, the residue left in potassium chloride, and the loss is 
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oxygen — save the trifling corrections which he aims to determine 
by experiment. 

Potassium chloride he again uses to precipitate a silver sola- 
tion, and thus connects its atomic weight with that of silver. It 
is this system of complex relations^ requiring actual algebraical 
elimination, that has lent as great a charm to the mathematicul 
side of the determinations of Stas, as his immense quantities 
gave to their purely chemical features. 

Why, his entire research, extending over years of labor, 
might have been completed, without calculating a single atomic 
weight; and as has been done by Clarke, Ostwald, Van der 
Plaats and Thomsen, the experimental results might, years after- 
ward, be put into a series of equations, the mathematical sola- 
tion of which would give all the atomic weights involved, any 
one depending on all the others. 

While all this seemed to be amply sufficient to stamp the re- 
sults of Stas as experimentally and mathematically beyond ques- 
tion, Stas went one step further — apparent!}' the only step still 
possible — and determined, by the refined methods of the calculas 
of probabilities, the possibility of errors of any definite magni- 
tude in his final results. While he published such a calculation 
for his values of nitrogen only, (pp. 322-323), the impression 
conveyed and received is that the accuracy of the other atomic 
weights is of an order like that of the one considered. To do 
full justice to this important phase of the atomic weights of 
Stas, I shall transcribe the entire passage : 

''The atomic weight of nitrogen is therefore 14.045 with a 
mean error not exceeding 1/4000 ; it has been determined from 
the proportions of the chlorides and nitrates of four metals, of 
which three belong to the best known of all elements. 
"My older syntheses of silver nitrate led me to the 

mean 14.040 

*'My new syntheses of silver nitrate give (Ag^l07.93) 

the mean 14.042 

General mean 14.044 
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''Subjecting these data to the calculus of probabilities, we 

obtain the following results : 

** If the general mean is 14. 044 

* ' Then the sum of the squares of the errors is . 0. 000 034 

' ' Which gives for : 

The mean error of one determination 0. 002 601 683 

For the probable error of one determination 0. 001 758 854 

For the mean error of the mean 0.001 062 134 

For the probable error of the mean 0.000 718 0485 

Measure of Precision of Mean H=665. 7423 

"The probability that the mean 14.044 is as much as x in 

error to the true value of the result, is determined by the formula 

H — H^x^ 

y = — — . e 

V t: 

wherein 7t is the ratio of the circumference to the diameter and 

e the base of the Neperian Logarithms. 

" Accordingly, the probability that the true value amounts to 

14 040 is . . . y=0. 31278 

^- 14.030 "... y=0.0 . ( 35 ciphers) 701 

14.020 "... y=0.0 . 0(108 ciphers) 505 

14.010 "... y=0.0 . . (219 ciphers) 115 

14.000 "... y=0.0 . (370 ciphers) 879 

"Accordingly, the value 14.040 is possible^ since its chances 
are 3 in 10 ; the value 14.030 is already extremely improbable, 
and the others must be considered as absolutely impossible. 

"These researches show sufficiently, that the value 14.00, 
which at present is accepted by almost all chemists as the repre- 
sentative of the atomic weight of nitrogen, is inexact, if oxygen 
is put at 16.00. The number 14.00 is in error to the extent of 
1/350." 

Nothing can be more learned, nothing can be more absolute 
— and chemists bowed in admiration, adopting the dictum of 
their accepted master. 

3 
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In closing his great work, Stas expressed modestly a request 
— really challenged the chemists of the world — in the following 
manner, as to the experimental data he had furnished (p. 347): 

" At the close of this extended work I ask permission to ex- 
press a wish : namely, that a chemist, whose reputation is suffi- 
ciently established, would please take the trouble to control (i. e. 
re-determine) one of the fundamental numbers of my researches 
for example, that of the synthesis of silver nitrate, and to pub- 
lish the result of his research. Without reserve, I shall submit 
to his judgment." 

As a matter of fact, no one has accepted this challenge, and 
Stas has accordingly renewed the same in his last memoir of 
1882.* 

It is not necessary to give special values and examples of the 
work of Stas in detail — the entire modern chemical literature is 
but a representation hereof. It will suffice to print the values of 
the atomic weights given by Stas himself in his three publica- 
tions of 1860, 1865 and 1882. I copy from Van der Plaats, 
p. 531. 

THE ATOMIC WEIGHTS OF STAS. 



Ag.. 
CI . 
Br. 

lo... 
S.-. 
Ka. 

Na. 
Li... 

N.... 



1860. 


1865. 


1882. 


107. 943 


107. 930 


107. 9300 


35.46 


35. 457 






79. 952 
126. 850 








32. 0742 




39.13 


39. 137 


39. 1425 


23.046 


23.043 

7.022 

14. 044 


23. 0455 


14. 041 


14. 0550 



.p ( : 206.906 Sulphate. 

^^ \ 206. 920 Nitrate. 

* See Van der Plaats, p. 618, referring to T. 65. 
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** Let us now try to convey to the reader an idea of the recep- 
^ tion and appreciation of the work of Stas by the chemical world. 
=■ The Royal Society of London bestowed upon Stas the Davy- 
^ Medal in 1885, for the following reasons, as expressed by the 
''^ president of that society:* 

^ '* Professor Stas' great research for which it is proposed that 
=s the Davy-Medal be awarded to him, is that on atomic weights. 
■I There are probably no researches in chemistry, the results of 
t which appeal so little to the imagination, and which are so little 
applauded as those on atomic weights, yet for difficulty and im- 
L portance, they are hardly surpassed by any. 

*' The indefatigable and conscientious care which M. Stas has 
devoted to the re-determation of a certain number of the most 
important atomic weights, and the marvelous skill with which he 
has overcome the various difficulties which successively pre- 
sented themselves, render his Memoir on the subject one of the 
most remarkable and valuable of chemical monographs." 

The most concise expression of the appreciation of the chemi- 
cal world of the work of Stas is found in the pages of the 
'-^ Manifestation^^ issued to give an account of the celebration 
of the fiftieth anniversary of his election to the Academy of 
Sciences of Brussels. This celebration took place on May 5 
1891. We copy the following expressions from the pages of this 
publication. 

Professor A. Kekule, as president of the German Chemical 
Society of Berlin, says on behalf of this Society in his address 
to Stas of May 1, 1891, (p. 64) : 

*'The acuteness and indefatigable care which you exhibit in 
the execution of your labors (on atomic weights) will for all 
time to come serve as a Model to Chemists. The principal ques- 

* 

tions in this field have been settled thereby, and in such a way 

* stas' Manifestation, pp. 3, 4; quoted from Proceedings Royal Society, Vol. 
XXXIX; 1886. 
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that not the slightest doubt can reiuain aboat the tmth of the le 
suits which you have obtained. Thus it has happened thattij^ 
wish, which you expressed at the close of your work, that i 
chemist of renown might test any one of joar fundamental nun- 
bers, has not been fulfilled, for everybody was from the fint 
fully convinced, that he would find exactly the same Talna 
again ; this is an evidence of the high recc^nition which has beea 
bestowed upon your labors." 

The Chemical Society of London sent an address, signed bj 
Crum-Brown, Crookes, Frankland. Koscoe, Thorpe and otha 
noted members. We copy the following important passages 
from this address : 

*^ A most important result of your inquiries has been tiie 
refutation, in its original form at least, of the famous hypotk- 
sis of Prout, your marvelously accurate determinations showiogt 
that it is no longer possible to believe, that the atonuc weights of 
the elements are expressible as a series of multiple whole num- 
bers, (p. 73).'' 

'* Hence your researches on the reciprocal proportions of the 
atomic weights must be handed down to future generations as 
one of the most valuable classics of the Exact Sciences,** (p. 74). 

The Academy of Sciences of Amsterdam sends an address from 
which the following passage (pp. 77, 78) deserves a place here: 

**Tliat which in your work has particularly struck us is the 
high scientific spirit which guides you in all the applications 
which chemistry calls for. But that which in our opinion con- 
stitutes 3'our Monumentum Aere Perennius, are your researches 
on the mutual relations of the atomic weights. You have yom?- 
self recognized the extreme importance of this subject, by re- 
peating your analyses with truly extraordinary carefulness and 
extreme expenditure of time. . . . You have with a sure 
hand traced the line of demarcation between *' experiment, 
measure, and calculation" on the one hand, and purely mental 
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^ conceptions on the other. . . . The basis of the sciences of 
■^nature is their method, and by insisting most vigorously on the 
iduty of maintaining this method, you have rendered science a 
■■ most valuable service." 

31 The "Redaktion" of the ''^ yahresbericht der Chemie*^* 
■^ sends a very positive and very ponderous address, signed by the 
^s, fourteen editors of that peculiar institution, (pp. 66, 67). I do 
not dare to omit anything from the declaration of the Areopagus 
A of German Chemistry, and accordingly give their address in full : 
a ''By a most conscientious investigation on the laws of the 
T chemical proportions, carried out with the most painstaking care, 
you have discovered in the years 1865, '66, '67, (sic.) one of the 
i- most important facts which ever enriched the Jield of our science 
- in the ^^/c/ of exact investigation, especially that of Chemistry. 
You have demonstrated to be erroneous the then generally, after 
the example of Dumas, accepted hj^pothesis of Prout, according 
to which the atomic weights of the elements are simple multi- 
ples! of that of hydrogen (=1) or respectively of the number 
0.5 or 0.25 ; you have shown by extremely accurate observations, 
that the combining capacity of the elements does not rest on 
such a flat basis^ but on the contrary progresses according to 
laws and rules which leave still open a wide field for our investi- 
gations. At the same time you have shown in that work of 
genius, that the ability of the elements to enter into reaction 
with a definite combining-weight, is one that rests upon an un- 
changeable basis^ and that a transformation of one compound 
into another is possible without the slightest loss in mass, as well 
as that temperature and pressure exert not the slightest influ- 

* Ever since (1869) members of this areopagus have used this Report for by 
wholesale condemnation to prevent chemists to examine new investigations, 
In order to ixublish them as their own, a few years later, I have tried to 
get along witliout this degenerate successor of tne Reports of Berzelius and 
Liebig. In the days of the masters, the Report was moderate in size, and as 
honorable as it was reliable; since it has become bulky and bad. The German 
chemists who pride themselves on their reading by relying on the Jahresbericht 
often make a sorry show of themselves before those who have examined the 
originals " reported " upon. 

t Lead would be the very simple multiple of 207, 414 or 828! 
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eDoe on the composition of definite eliemical compounds and thit 
accordingly the relations of weights of the elements, which coift- 
pose them, are altogether unchangeable. 

*^ By this fundamental work you have given to chemical ifr 
vcstigations a new direction^ you have revealed a high confi- 
dence in her method of anal^'sis and synthesis, and have eleimtd 
chemistry to the rank of the most exact science in the Jieldof 
natural phenomena. This act of yours, the chemical world has 
not yet forgotten to-da}-, and never will forget that it owes ik 
to yon. Accept therefore, highly honored Sir and Jubilar, the 
most Hincere and cordial felicitations to your day of Jubilee of 
this day from the Kkdaktiox of the Jahresbericht der Chemie, 
in which friendly join the gentlemen collaborators whose names 
are also signed. 

llocliachtungsvollst und ergebenst, 

Prof. Dr. F. Fittica, Bedacteur, 
and 13 other signatures. 

I liavi» taken groat care in the translation of this in everyway 
most riMnarkable document i)rofessedly representing German 
(!ht^inistry. Such a pronunciamento, from such a quarter, de- 
H(^rvt^s all the place it occupies here, and should be carefully 
Ht ikI'umI by cvcM*y reader. As Professor Dr. Fittica declares the ■ 
opiiiioji of tlio entire chemical world of the present and of all i 
future time, we are bound to listen attentively, and make a note 
of it -even if it be hard to infer that he has understood himself 
or has ever carefully studied that which he extolls so highly. 

As a relief, we will add the clear and positive opinion of Pro- 
fcHHor Ostwald (1. c, p. V2\)) which in a most characteristic 
maiuier exhibits the habit of the school of Stas of imparting con 
amore an occasional kick to the dead lion — Dumas. . 

**Ciuite another way traveled the co-laborer of Dumas from 
the work on the combustion of the diamond they had effected. 
Also he (Stas) set himself the problem to decide the question by 
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ft^he most exact determination of a few atomic weights, and also 
■le began, according to his own statement, with the conviction of 
^ihe truth of Prout's hypothesis. But while Dumas " with that 
^liastiness of reasoning peculiar to him" (Berzelius), concluded 
"the correctness of the preconceived opinion from numbers, 
the inaccuracy of which a subsequent test in many cases re- 
vealed, Stas presented in his labors the never before attained 
model of reproachless atomic weight determinations which form 
the basis of our present knowledge of these constants, and he 
(Stas) drew from these results the conclusion, that the hypothe- 
sis of Prout is nothing but a chimera,'^ 

Corresponding to this. Professor H. Landolt begins a paper 
presented to the Academy of Sciences of Berlin* and reprinted 
^t the head of the twelfth volume of Ostwaldt's Zeitschr. f. phy- p 
asik. Chemie, with the following thoroughly characteristic words : 

"// is well known (Bekanntlich) that the old hypothesis of 
IProut, according to which the atomic weights of all elements are 
"to be entire multiples of that of hydrogen, has been completely 
disproved by the labors of Stas and Marignac,t as well as by 
many later determinations of atomic weights.*' Then he ab- 
surdly gives the Mayer-Seubert values to show the "consider- 
able" deviations from the whole numbers. How blind faith in 
authority has dwarfed the chemists occupying high places ! 

I believe that I have faithfully explained the essential points 
In the great research of Stas, and equally faithfully have shown 
how almost froni the start and till the very present chemical 
authority has been absolutely and unreservedly in favor of his 
results and his work. 

Such has been the opinion of the past, and such it is at 
present. The judgment of the future will depend solely upon 
truth and real merit. 

* Sltzungsl)er. 1893, pp. 301-334. 

t liarignac does not belong there for he did oppose Stas. 
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Ohtwald, Clauke; Sebelien, Vak deb Plaats, Thohsek; 

Bpxkee, Meyer and Seubebt. 

It would Heern that the determiDation of the atomic weights 
of i\ni itU'MianiH had been completed in its essential jyoints, and 
only would require some additional work of detail. The unquali- 
i\i*(i arceptaiK-e by the chemical world of the work of Stas ought 
to imply nothing less. Nevertheless, the last dozen years have 
bn>ught (juite a nericH of special treatises, averaging 200 pages 
each, Hupplcmenting and revising especially the calculations of 
Stas, 

'J'he lint of namcH at the head of this section shows both the 
extent and the weight of this new work. It seems that, alter 
ret^eiving the investigationw of Stas with acclaim, as recorded in 
the lirst half of this chapter, the more thoughtful chemists felt 
not (piite Hatislied therewith. Not only is the mathematical 
treatment of the data of observation in the publication of Stas 
exceedingly incomplete, but when his experiments, for which 
extreme accuracy is universally claimed, were subjected to sys- 
tematic re-calculation, the final values obtained did not agree to 
a corresponding extent with those given by Stas. Even Stas 
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himself has given three sets of different values, namely one each 
in 1860, 1865 and 1882, exhibiting changes in the second decimal. 
(See above p. 34.) 

For example, the value of the atomic weight of nitrogen which 
had been fixed with such wondrous accuracy at 14.044 in 1865, 
was by Stas in 1882 coolly put at 14.055, which differs by a full 
hundreth therefrom. By his most elaborate and crushing appli- 
cation of the calculus of probabilities, such a difference had been 
proved impossible by himself in 1865. He records it, however, 
in 1882, without any remarks, and the admiring chemical world 
seems not to have noticed this slight of hand. 

It would be quite interesting to consider the subject of the 
mathematical revision and recalculation of the experimental de- 
terminations of Stas in detail ; but sj^ace will not allow more than 
a brief exposition of the entire subject and a general characteri- 
zation of each one of the attempts made. 

On the whole it appears, that only methods of calculation 
have been bodily carried into chemistry from other fields of 
science, notwithstanding the fact, that the problem to be solved, 
being a specific chemical one, necessarily would seem to demand 
equally specific methods of calculation. 

Two of these revisions are more pretentious in form than the 
others, for they submit the determinations of Stas to the refined 
method of the least squares and give the probable error* of 
each mean taken. These most thorough chemical calculators are 
Clarke of Washington and Ostwald of Leipzig. To judge of the 
value of their work, we will present a prominent example from 
each one of these distinguished authors and pronounced admirers 
of Stas. 

* For an experimental investi^at'on of this subject, I beg leave to refer to 
my School- Laboratory, Vol. II., p. 28-38; 1872, and especially to pp. 43-56 of my 
Rainfall. Laws, deduced from twenty years of observation. Washington, 1893. 
I have had made by my students, more than half a million determinations on 
this subject of probabilities. 

For applications hereof to theoretrical chemistry, see my Principles, pp. 133- 
137 and 163-166. 



WiLHELM OSTWALD. 

The first determination of Ostwald.* on which all his other 
values rest, is that of the atomic weight of potassium chloride, 
which he finds, for 0=16, to be 74.5902 with a probable error 
of 0.0045 (1. c, p. 31). That means, the real value of KaCl 
may reach as high as 74.5947 and fall as low as 74.5857. Fur- 
thcrmore these limits are the only ones admitted in all subsequent 
calculations of Ostwald ; hence, this mean and its probable error 
affect all other values determined from the analyses of Stas by 
this calculator. 

The following are the data used b}' Ostwald representing the 
atomic weight of KaCl calculated from the analyses of Stas of 
potaHHiuni chlorate in the dr^^ and wet way (1. c, p. 31). 

No. Dry Way. No. Wet Way. 

1 7'l.r)()81 G 74.6060 

2 5716 7 6143 

;j 58G0 8 5862 

4 59(58 

»> .flOt/f/ 



Mi'iui 74.5815 74.6022 

Range 0287 0281 

Nothing: luorv is ni'c-t's.sary than the mere tabulation of these 
numbers— given by Ostwald himself at the place stated in his big 
work on (iem^Mil ('henilstry to prove that this .distinguished 
chemist is on ground where he is not at home. He evidently has 
no idea of the HeriouH hlnnder he makes; his exclusively chemi- 
cal students and rea<lerM no doubt admire the show of mathema- 

♦Lehrbuch dor aUKoinolin'ii t'iMMiiU'. Hand I: Htiiohlometrie. Zweite Auf- 
lage. Leipzig, EiiKidiimn, IHJM, pp. in»4, Nvu. Thn part here under consideration 
in Book first pp. 1-138. Tlio llrMt odiMiin apptMinMl IH84. 
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tical thoroughness presented ; but those familiar, not only with 
the mere mechanism of the calculation, but also with the neces- 
sary conditions and limitations of this method employed, must 
stand aghast. 

Let us examine into this fundamental step in the calculation 
by Ostwald, of the atomic weights of all the elements. If we can 
show that this first step, the basis on which all the others depend, 
is in error, and even absurdly so, we may be excused from 
spending further time on the balance of the atomic weights of 
Ostwald. 

Now, in the first place, the three determinations in the wet 
way give a mean which is 0.0207 in excess of the mean of the 
five determinations in the dry way. In other words, the actual 
difference of the means of the two series amounts to more than 
four times the probable error of the mean of Ostwald. To assert 
that the probable error of the mean KaGl=74,5902 is only 
0.0045 is therefore contrary to the most patent facts in the case. 

Furthermore, the real chemical uncertainty of these deter- 
minations is the entire range, from the least to the highest value 
actually found. That is 

greatest, wet way 74.6 143 

lowest, dry way 5681 

Total Kange_. 0.0462 

which amounts to more than ten times the ''probable error*' 
given by Ostwald. 

The mathematical absurdity of this entire calculation of 
Ostwald is plainly shown by the differences of the individual 
determinatioEfs from the mean given by him. For the sake of 
brevity, we express these differences in units of the fourth jDlace. 
They are readily obtained by simple subtraction, and are as 
follows : 

No. 1 2 3 4 5 6 7 8 

Diff. -221 -186 -43 66 -7 158 241 -40 
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of a tncan value ; for they vary systematically with the absolute 
({iiaiitities used, as I have shown (C. R. T. 115, p. 1074; 1892.) 
We shall come back to this importaut subject. 

To complete this topic we add the values found by Ostwald, 
together with the charmingly small "probable errors'* which he 
has calculated. (1. c, p. -^2). If these results were reliable, 
the (piestion of the true value of the atomic weights of the ele- 
ments might well be considered closed, and the unity of matter 
delinitoly disproved — a chemical chimera. 
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Ag 


107.1)370 


0. 0037 


CI 


35.4529 
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37 


Ka 


;VJ. i;U)l 


32 


Br 


79^9628 


32 


Na 


23. o:)7r> 


41 


lo 


126.8640 


35 


Li 


7. 0303 


42 


S 


32. 0626 


42 


Pb 


1>0(>. 1)11 


90 


N 


14. 0410 


37 



ThiM ** probable error*' amounts to about four thousandths 
or IcHs in all cases except that of lead. The second decimal 
Hliould therefore be certain, the uncertainty being less than half 
a liiindredth. Hut, unfortunately, not one of these values has 
bi^en obtained by legitimate mathematical processes. The entire 
list of OHtwukrs numbers is therefore without scientific value; it 
posHCHHCH interest solely as an instructive curiosity in the history 
of chemistry. It marks the decadence of scientific chemistry in 
(iermnn}', tiie necessary result of blind authority worship. 



Frank Wigglesworth Clarke. 

This recalculation* of the atomic weights was made while Mr. 
Clarke was professor of Chemistry at the University of Cincin- 
nati. It has been published by the Smithsonian Institution at 
Washington in 1882. This book will remain of permanent 
value, because it gives, in a large number of cases,! the results 
of the actual, individual weighings (reduced to vacuum) made 
by the analysts. So far as I have had occasion to examine the 
experimental data, I can testify to the accuracy of the record 
given — a result requiring extraordinary carefulness, considering 
the great number of data recorded. 

It is to be regretted that Professor Clarke adopted the un- 
known hydrogen unit, in which he puts oxygen at 16.96 ; but he 
converts the final results always to the Berzelian oxygen unit, 
taken at 0=16. 

The special values obtained by Clarke are all affected by his 
method of calculation used, which is unique, and apparently 
theoretically perfect, when considered from an exclusively mathe- 
matical standpoint. He determines, by the method of the least 
squares, the probable error of the mean for each series of deter- 

* A Recalculation op the Atomic Weights. By Frank Wigglesworth 
Clarke, S. B., Washington: Smithsonian Institution, 1882. pp. XIV, 279, 8vo. 
(Smithsonian Miscellaneous Collections, No. 441). Also, under the Title: The 
Constants of Nature, Part V. 

t In many important cases this has been omitted, as for example in the syn- 
theses of lead sulphate and nitrate, pp. 73-76— an omission which is very seri- 
ous on account of the fundamental importance of these syntheses. Stas' weigh- 
ings have, quite generally, not been given by Clarke. 
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iiiiiiatioiiH made ; then he coinbines all series into one by the i^eQ 
known formulae, and calculates the probable error of the result- 
ing atomic weight. 

C-homically, these final results are of very little value; form 
most cases, the number of determinations made in any one series 
is so small that the application of the method of the least squares 
is not justified; besides, the most important, really, chemical 
errors, cannot show up at all in this process — as Clarke himself 
knows perfectly well — see his exclusion of series 2, 4, 5 of lead, 
below. 

Hut if we, for the sake of company, were to adopt the mean 
of a number of determinations of atomic weights as the mo6t 
probable value, and were to combine the different means accord- 
ing to the method adopted — we would, no doubt, obtain the 
values given by Clarke ; for his work of calculation has been 
done with much care. 

The actual existence of constant and other chemical errors, 
and the tiwi that in very few series the total number of deter- 
uiinationH warrants the use of the method adopted, precludes the 
poHMlbility that the llnal results can have weight as chemical 
eohHtantH. Nol one of Iheui is a Constant of Nature, 

Am an example, we select the case of lead; in which the num- 
ber of (let.eniiliiiitJons is favorable, being rather large in several 
series. CliirUe Mtules his llnal result (1. c.« p. 77) in the follow- 
ing tniuiiier i 

^^ We liMve ni'vtwi nil Ion upon which to base our computations: 
(I) I'er rnit. of IMi in PbO, U2.8271 i .0013 
(*.{) IVr eiinl.. of rbO in PbNolV t>7. 4016 dz .0014 

(;t) ni:i*bH<>, :: ino:Mri.-ii.M;2 dr .0023 
(.|) i'bo:iM»Ho, ::HM):in:>.H(M 4- .018 

(:>) rbS< )| ; IM.N,( )„ : ; \m\ lou. ;U)7 ± . 002 

(«) i»b:ri)N,()„ ::MMi:iMMr/o.| 1- .0010 
(7) Ag:Pb('L ;:io();iyM. vymi 1 0,01a 
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From which Professor Clarke obtains : 

Series. No. Determ. Atomic Wght. Prob. Error. 

1 9 206.587 0.059 

2 4 7.046 41 

3 13 6.435 41 

4 7 7.131 118 

5 3 4.803 329 

6 ' 10 6.454 37 

7 ' 4 6.473 42 

'' General mean 206. 604 0. 019 

If 0=16, this becomes Pb=207. 079 

' ' In the above discussion are included several values which 
diverge widely from this general mean, and which, for other 
reasons, are probably erroneous. Although but one of these 
carries much weight, it is well to exclude them, and to base our 
computations upon the others. If, now, we reject the second, 
fourth and fifth values, we get for the atomic weight of lead, 
Pb=206.471 dz 0.021. If 0=16, this becomes Pb=206,946. 

"From the synthesis of the nitrate Stas found 206.918 and 
from the sulphate 206.934, The agreement of these values with 
our own general mean is certainly very close." 

We have given this much space to the revision of Clarke, in 
order that the apparent advantages, as well as the inherent weak- 
ness of the system, might be more fully appreciated. The in- 
stance selected sets forth both in a strong light. We also notice 
that Clarke is a pronounced Stasian — he still declares himself so 
in a recent letter. However, to justly represent him, we think it 
proper to copy the closing words of his book, (pp. 270-271) : 

" I began this recalculation of the atomic weights with a strong 
prejudice against Front's hypothesis, but the facts, as they came 
before me, have forced me to give it a very respectful considera- 
tion. All chemists must at least admit that the strife over it is 
not yet ended, and that its opponents cannot thus far claim a 
perfect victory." 

4 



* John Sebelien. 

With reminiscences from the early days of Atom-Mechdnics. 

The University of Copenhagen offered, in December, 1881, 
its gold-medal for "a historico-critical exposition of the experi- 
ments, by which the atomic weights of the elements have been 
determined.*' 

The prize was awarded to the author of a paper bearing as 
motto the noted word of Newton : ^^Hyfotheses non Jingo, ^^ 

This paper has been published* in German in 1884, by its 
author, John Sebelien, now professor of chemistry at Aas near 
Christiauia, in Norway. It is a most valuable work, rich in ex- 
perimental data gathered from the annals of Chemistry, and as 
such, fully deserves the recognition it received from the old 
University of the Athens of the North. While a few errors in 
the numerical values, in the absence of corroborative data, have 
given me much needless trouble, I take pleasure in testifying to 
the high merit of this historical essay. It is very useful, es- 
pecially to the investigator in the wilderness, on account of its 
rich and complete references and quotations, as well as its 
abundance of numerical data. 

Most assuredly, Sebelien has been faithful to his motto. But 
it is greatly to be regretted, that he has done much worse than 
invent hypotheses. He has persistently, we do not say willfully, 
misrepresented facts, and manifested an unjustifiable bias against 
Dumas and in favor of Stas (p. 82, 99, 115, 147, 155, etc.) The 

* Beitrage zur Geschichte der Atomgewichte. Von John Sebelien. Eine von 
der Universitat zu Kopenhagen gekronte Preisschrift. Braunschweig, Vieweg 
und Sohn, 1884. pp. VIII, 208, 8vt). 
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:first is a much graver offense than the invention of a hypothesis ; 
^t is also much easier to commit, and at times more sure of a 
speedy reward. 

The chemical atmosphere from which the question emanated, 
liad probably a high Stasian tension. Though the question does 
xiot refer to Stas or Prout, but is aimed to be altogether ob- 
jective, Sebelien, in his preface, volunteers the statement, that 
"the main result of his labor had been established by him already 
in August 1882, three months in advance of the time limit fixed 
"by the University. This main result is declared to be the insuf- 
:fiency of the hypothesis of Prout, about which the University 
xeally had asked no question at all. However, it granted the 
prize and the amount of labor performed merited the recognition, 
notwithstanding the fact that the "main result" accentuated by 
the author has no existence outside of his own imagination, and 
possibly the imagination of his judges and professors. 

How happy is man, when he takes the oars in, sets his sail to 
the wind, and, reclining comfortably in his little boat, judiciously 
limits his exertions to a slight pressure on the rudder, sufficient 
to keep the sail well filled with the wind, whatever be its direc- 
tion ! The Vikings of old did not conquer the world in that 
V7ay — they were men of daring and determination ; but they are, 
mostly, dead now. 

However, time will tell, and after we have held back the* im- 
petuous young worker and perhaps placed apparently insur- 
mountable obstacles in his way, we gradually learn* '*with a 
more unbiased eye, to look upon the great riddles which nature 
presents to science.*' 

And it also is very true, that "during the last twenty years, 
the relations between the properties and the atomic weights of 
substances, have been inquired into from diverse quarters" 
(1. c, p. 23). 

* Julius Thomsen, Cm Materiens Enhed. Copenhagen, 1887. p. 38. 
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This lapse of time brings us down to 1867, the very year in 
which copies of my Programme of Atom-Mechanics were sent 
back to Copenhagen. I ma}' add, that a dozen years earlier 
still, there was a student in the Pol^'technic School of Copen- 
hagen, who had already at that time, reached far beyond the 
stage of science represented and acknowledged by the actual 
director of that school in his learned address before the University 
of Copenhagen on April 15th, 1887, i Anledning af Hans Majestset 
Kongens Fodselsdag. 

It is one of the great mysteries of the world, that resistance 
developes mental, and strengthens physical power in a healthy 
man. I am, therefore, profoundly tl^ankful to men in my old 
science home, for their kindl}' exertions in this direction, and 
trust that I have not enjoyed these prizeless opportunities without 
being greatly benefited by them. However, I am sure, I retain 
only the kindliest recollections in my mind ; whatever else theie 
may have been, has long ago faded out entirely. 

This rather general and somewhat personal review of the ex- 
cellent compilation of Sebelien, must suffice for the present. We 
shall, in the future, draw again upon the storehouse of data 
which ho haM gtithorod from many quarters, and which in them- 
selves are abundantly sutUcient to demonstrate, beyond a doubt, 
i\\\i{ t/ic tttomir ^.vt't'ohts of ail the ehncnts are exact multiples 
of half the iitomic iceii^'ht of hydrogen — although Sebelien him- 
self profeMHcMlly arrives at the opposite conclusion, and has been 
rewarded hy Mm^ University of Copenhagen, for obtaining so 
desirable a rehiilt. 

llow usefiil MiK'li II hook would have been to me, almost 
forty yearH iik'». wIu'ii, iM^fon^ 1 knew of Front and of Dumas, 
I prosentejl the iihtive un a liypothesis to the director of 
the rolytec^lmie Hrhool of Clo|irulia^on» Johann Georg Forch- 
hammer,* who iiiortt UhMJIy hih! iiMentively listened to me. 

• He was not l»y l»lrH» '^ *'•»'•'•• ^»' ••" «""^ '••»ni tn my own native proTlnoe, 
H<!hUj8wig-HolHtnlii. 
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At the World's Fair in Chicago, 1893, I was delighted with 
the beautiful exhibit made by little Denmark. The magnificent 
three-towered front of the exhibit was constantly crowded, the 
multitude admiring the prominently placed statues of the two 
apostles of beauty, which Denmark has given to the whole world : 
Albert Thorwaldsen, the master in marble, and Hans Christian 
Andersen, the master in fancy. 

The right wall, on the outside, toward a narrow alley, was 
decorated with large well painted landscapes, representing actual 
views in that beautiful little garden in the sea : 

Danmark, deiligst Vang og Vange, 
Lukt med Bolgen blaa! 

High up on this wall, above these portrait-views from the 
green beech woods of Fyen and the white chalk cliffs of Moen, 
almost hidden from the throng, but instantly recognized by the 
eager eye of the disciple, were placed the bronze busts of the 
two most distinquished scientists which Denmark has produced 
during this century — Oersted and Forchhammer. 

Beholding the life-like features of the teacher, who introduced 
me to the science that has without ceasing fascinated me, I 
seemed to hear once more his kind voice of forty years ago, 
asking me again, as he did then in his study, how I was getting 
along in my work. 

At that far away time I confessed to him, that I found diffi- 
culties in his own chemistry only, in the multitude of unconnected 
facts and the absence of deductive reasoning from general prin- 
ciples ; that, while deeply interested in bis lectures and experi- 
ments, I was mortified at the apparent impossibility of my ever 
understanding that science, while physics and mathematics 
gave me no trouble whatever. 

He seemed much interested at my blunt confession and ex-, 
plained, that it was not possible to treat chemistry like physics 
or mathematics, because it was an experimental science. 
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''But it must be possible, it ought to be fnade poBsible,"! 
rejoined — for which outburst I was rewarded by one of his most 
benign smiles, and an apparently greatly increased interest ii 
myself. 

Less than a year after that conversation, I presented to him, 
for his consideration, a sketch of the first scientific contribution 
I ever made. It had for a basis the hypothesis of a single primi- 
tive substance, all atoms of which, therefore, were exactly equal; 
and I made the attempt to deduce the varied properties of the 
different chemical elements from the differences in weight and 
FORM of their complex atoms, built up from the equal atoms of 
that primitive substance. This was in February, 1855. 

Ever since that day I have labored faithfully, to rigorously 
test and develop that hypothesis, and to make general chemistry 
a mechanics of the atoms ; this labor now has continued almost 
forty years, and has never been much interrupted by even the 
most adverse conditions. 

The native of a war-stained borderland became the victimof 
contending forces and was compelled to make a new start in a 
new country, where but too often the highest interests are at the 
mercy of some brutal and ignorant political dictator or some 
sanctimonious hypocrite;* I had to meet the combined deviltry 
of both. 

To formulate a hypothesis and to spend a life of labor in 
testing the same, endeavoring to connect it by solid bars of rigid 
mathematical processes with tlie results of the best made, criti- 

* These powers of Darkest America did not accomplish my ruin, but found 
themselves the subject of a legislative investigation and removal. However, 
united with the Military Weather Bureau at Wasliington, they did cause the 
destruction of luy Meteorological 0])servatory, and the greater part of my sci- 
entific work connected therewith. The "Military" Weather Bureau was 
ended 1891.— About three centuries ago, a kindred brood destroyed the grandest 
astronomical observatory the world had seen till that time; but the great 
builder of Uraniborg truly said : 

Undique terra infra, coelum patet undique supra 
Et patria est fortl quoQlibet ora viro. 
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cally checked, experiments^ this has been the main work of my 
entire scientific existence. And though a scientific pharisee may, 
and a blind empiric will, look upon such work with a scornful 
eye, they should not take that famous word from Newton as a 
motto J for the scientific life of Newton himself was largely made 
up of exactly that kind of work! 

"Hypotheses non fingo," says Sebelien, as the represent- 
ative of a large class of modern empirics — and then proceeds to 
distort the observed facts into a contradiction of the great law 
of which these facts are the expression, and a famous University 
crowns his work with its gold ! It is always a dangerous under- 
taking for our modern specialist, who knows so much about a 
very little, that he thinks there is nothing outside of that little 
worth knowing, to apply a scientific tool, borrowed from other 
fields, for the purpose of disproving any great scientific princi- 
ple whatsoever ; for their mind is no more able to handle great 
laws of nature, than a beggar would be able to judiciously han- 
dle the great sums of a banking house. 

But above all, the empiric should not boast and rejoice that 
he is not so reproachful a worker in science as the inventor of 
hypotheses ; for that has been condemned by the great teacher* 
long ago. 

* I quote from memory and crave pardon if I fail to reproduce the grand 
lesson, Ev. Lucae, XVIII, in every particular: 

10. Homines duo ascenderunt in templum ad orandum ; unus Pharisaeus, et 
alter publicanus. 

11. Pharisaeus stans apud seipsum haec orabat: Deus, gratias ago tihi, quod 
non sum, sicut reliqui homines, aut etiam, sicut hie publicanus. 

12. Hypotheses non fingo. 

13. At publicanus procul stans, non volult ne quidcm ocolos in coelum atol- 
lere: sed pulsauit pectus suum, dicens: Deus, propitlus esto mihi peccatori. 



J. D. Vax der P^laats. 

' ' Chemistry of precision is a science of the Laboratory ; it 
has nothing to do with the art of grouping the figures.*' 

This statement of Van der Plaats, Professor of Veterinary 
Chemistry at Utrecht, in Holland, was made by him in the 
Comptes Rendus (T. 116, p. 1367 ; 1893) only a year ago, when 
he presented his second and third series of " figares " pretend- 
ing Uy represent the final results of the atomic weights which he 
by calculation had extracted from the analytical determinations 
of Sl.'iH ; and this after the same Van der Plaats, seven years pre- 
viously, had already inflicted upon a defenseless chemical public, 
a tijjj'ly-foiir page article in the Annates de Chimie et de Phy- 
wii\\w. i'W VII, pp. 499-532; 1886) in which he had presented 
Jiijj lJr:jL and only exact values of the atomic weights resultiog 
UiiUi tiiii w<!lf-8ttme anal^'ses of Stas. Neither before, nor after 
these dJvei>5Ci and sundry occasions, has the said Van der Plaats 
Jijade' any attempt at determining by the " science of the Labor- 
aL<>iy," Mie faUi^neHH or accuracy of any of the data of Stas; it 
ib exclusively in the (jharacter of practicing ''the art of group- 
inj^ lii^uies '' thut thin Van der Plaats is before the chemical pub- 
liij, uud \\\x\\im \\\\s Htartling and novel declaration "that the 
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hypothesis (of Prout) can^have nothing in common with the 
principles and progress of chemistry ; it cannot even be made 
the basis of speculations on the unity of matter," (1. c, p. 1367). 

What has just been said is probably sufficient to cliaracterize 
this particular recalculator of Stas. He has now presented 
three distinct sets of values which, together with the equal num- 
ber furnished by Stas himself, gived us poor chemists half a dozen 
distinct sets of vahies, to which must be added the several sets 
calculated by Professor Clarke, and the wonderfully precise set 
of values for which modern chemical science stands indebted to 
Professor Ostwald of the University of Leipzig. Quite recently, 
science has been blessed with a still more accurate set of atomic 
weights, by Professor Thomsen, of the University of Copen- 
hagen. I think we have fully a dozen sets of values of the 
accurate and only true atomic weights of the elements deter- 
mined from the analytical experiments made by Stas some thirty 
years ago with "a degree of precision that forever places the 
atomic weights beyond all possible doubt." 

And here comes Van der Plaats, the empiric calculator and 
juggler with figures and with truth, to declare, that the deter- 
mination of the atomic weights — chemistry of precision — is a 
matter of the laboratory exclusively,* Why did he then '' group 
the figures" from the laboratory of Stas lo! these many times, 
and fill the chemical world with the noise of his precise and ac- 
curate calculations? 

I will try to answer this conundrum for him. Stas was a 
great man, a great analytical chemist^ — but not a true scientist 



* Hence astronomy is a science of the observatory, and consequently, 
Laplace was not an astronomer, and his Mecanique Celeste is no longer a mas- 
terpiece of astronomical science. When that Imbecil empirical phrase of V. d. 
P. crept into the Comptes Hendus, the shades of Laplace and Lavoisier must 
have been temporarily absent from the Palais de I'Institut. 

t As such I recognized him when joining the Manifestation, (p. 70). Besides 
I withheld my critical papers from publication for over a year, so that no 
shadow might darken the festal day of the great analyst. 
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in the broad acceptance of the term. Now this excellent analyst! 
did make most careful and accurate determinations, and I ven- 
ture to say that, under the same conditions, with the same 
amounts, tlie best chemist will obtain practically the same results 
exactly, as those obtained by Stas. But as Schiller has i^| y 
marked : 



c 



Wie doch ein einziger Belcher so viele Bettler in Nahrung 
Hetzt! Wenn die K6nige bauen, haben die Earmer zu than. 

The king-analyst Stas did put up a great big building, and & 
good many just sucli men as Van der Flaats, have kept them- 
selves busy for over a dozen years with the recalculations of the 
results of this King- Analyst, without ever reaching down to the 
foundation of that building. But while the others, modestly, 
have been satisfied with furnishing a single set each, of true and 
iixiu'.i atomic weights, Van der Plaats has already produced three 
such, and will probably furnish many more. 

Siiicij Vail der Plaats is in the habit of arbitrarily excluding 
such of Stas' *' laboratory-science** as he deems advisable (I. c, 
p. r>lH, p. 512, p. r>22, etc.), there is no limit to the number of 
diffcTent hyhlj^ins of c*xact-and-only-true atomic weights that he 
will Im; al)l«5 to pnxiucje — say a new set of values with every new 
Si)rinj;. 'V\\v. v<Ty tlioujj;ht of receiving a brand new and only 
true H<!t of iii(>fni(! weij<lits every new spring, precisely as 
SchilU'r*H ** M;id(!lHUi H(!h(')!i imd wunderbar" appeared " sobald 
die ersten {jVYvMi^w Hcjjiwirrten ** produces the following, as a pre- 
liminary warbN^ of Miiuiks to Van der Plaats — which tribute, by 
a judicious appli(;atloii of the method of the least squares, could 
no doubt, be greatly Improved in roundness": 

He brought iim new atoinle welghtjes, 

That ripened lately In his mind — 
Of Start \\i\ dropped Home other deeltjes, 

And HO, another Met did llnd. 



::^ Hans Peter Jurgen Julius Thomsen. 

The eminent Professor of Chemistry of Copenhagen* has seen 

i Van der Plaats recalculation and, naturally, has come to the 

conclusion that the results of Van der Plaats neither agree with 
; one another, nor with the analyses of Stas. — See Zeitschr. 

; physik. Chemie, XIII, p. 726 ; 1894. 

Prof. Thomsen proceeds forthwith to furnish us another set 
of values representing the analytical data of Stas much more 
accurately ; and how excellently he has succeeded, he shows in a 
table of six-place figures, on page 734. Thomsen just mentions 
that he has omitted certain of Stas' determinations ; these happen 
to be amongst the most famous of all the analyses of Stas, namely 
the "complete syntheses of the silver iodide.'* 

He also judiciously drops the dissociation of potassium 
chlorate and only uses the results obtained in the wet way. It 
will be remembered how Ostwald took both of these conflicting 
analyses and desperately calculated that wondrously small prob- 
able error we did dwell upon for a few moments (supra, p. 42). 

Eeally, it is not necessary to follow modern chemical science 
further, as it is exhibited in these special treatises, and in the 
constantly thickening volumes of our chemical annals. 

When in connection with the German exhibit at Philadelphia 
in 1876, Commissioner Reuleux declared the motto of Ger- 
man Industry to be '' bilMg und schlecht," his countrymen 
abused him, but profited bj/^his judgment — and their grand ex- 
hibit at Chicago last year was the result ! May I hope that my 

* Professor Thomsen ^as a student at the Polytechnic School of Copenhagen 
a few years before I entered the same. Personally we never met. 

It 18 exceedingly distasteful to me to be obliged to examine his recent Stas- 
lan contribution, which is as unfortunate as his earlier work on the constitu- 
tion of benzol and the aromatic compounds, (Oversigt, KjCbenhavn, 1885. p. 131). 

But every reader will understand that these matters represent mere side- 
issues to Professor Thomsen ; the «reat worlc of his life has been the systematic 
investigation of the caloric phenomena of chemical processes. In that field, his 
labors have placed his name in the front rank of modern investigators. 
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drastic, but truthful, representation of the disgraceful condition 
of the highest branch of chemistry, will lead to equally happy 
results ? I expect, of course, to be covered all over with abuse ; 
but I hope, that the younger chemists will investigate the question 
raised for themselves. 

In conclusion, I will try to explain how Thomsen seems to 
have come alongside of a Van der Plaats. Thomsen has made a 
curious new set of determinations of the atomic weight of Hydro- 
gen, and found it almost exactly equal to unity, on the scale of 
0=16. See Zeitschr. physik. Chem. XIII, p. 405 ; 1894. 

In his reductions he used the Stasian values for chlorine and 
nitrogen. But it is one of the best established results of the 
school of Stas, that for 0=16, hydrogen is considerably in excess 
of unity, varying from 2 to 9 thousandths, that is, practically one 
fer centum^ according to the different determinations.^ 

A thorough man, like Thomsen, necessarily saw that his analy- 
sis involved a sort of reductio ad absurdum of the whole system 
of Stasian atomic weights. He necessarily would look for an 
explanation of the conflicting values. He took the " latest out,'* 
that is the last sets of atomic weights of Van der Plaats (1893). 
He found that they did not agree amongst themselves, nor with 
the data of Stas ; Thomsen states so in his paper (1. c, p. 726). 
» His next step was a necessity. He tried to recalculate the 
analyses of Stas for himself. He u§ed his own judgment in 
throwing out analyses — precisely as Van der Plaats has done 
these many years, and as they frequently do in American Ward 
Meetings, and precisely as they are reported to have done in long 
past centuries, when the Homou^ans and the Homoiusians 
wrestled about their momentous distinctions. Thonjisen ob- 
tained exactly what he came out to get in that richly worked 
store-house, by using the proper method of exclusions. As final 

result he obtains 

H=0. 9992 

which pleases him, being 0.0003 larger than what he obtained 
before, and therefore, that much nearer the unity he justly thinks 
it ought to be. (Continued on page 62.) 
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On the face of it, the ordinary chemical reader will be im- 
pressed by papers, such as those of Van der Flaats and Thomsen, 
as something very profound and scrupulously exact ; profound^ 
because he does not understand the muddle any more .than 
Thomsen and Van der Flaats do themselves ; exacts because they 
are constantly debating about mmute differences, utterly insignif- 
icant, while leaving the broad question untouched — in fact, they 
have denied that there is a broad and deep question of principle. 

We shall hurry on to the consideration of this very question, 
which though declared dead is worrying them badly. We mast, 
however, first present a synopsis of the principal values obtained, 
and also briefly look into a couple of additional special books on 
the atomic weights. (See Table page preceding.) 



George F. Becker. 

Ill 1880, the Smithsonian Institution published this author's 
Atomic Weight Determinations ; A digest of the investigations 
published since 1814. 

This valua))le book* of 150 pages gives a very complete refer- 
ence to the original pu))lications and final data of the atomic 
weight determinations made diiriug'the sixty years from 1814 to 
the middle of the seventies. It is one of the last publications in 
which the 0=100 of Berzelius is used, in connection, however, 
with the present 0=1(). 

* Atomic Weight Determinations: A DIpest of the Investigations pub- 
lished since 1814. By George F. Becker. Washington: Smithsonian Institution 
August, 1880; pp. 149, 8vo. 



LoTHAR Meyer and Karl Seubert. 

This book* is the most pretentious of all the recalculations, 
as might be expected, since Lothar Meyer is the real " author ^'^ 

and Karl Seubert the man who has done the actual drudgery — as 

* 

is very plainly seen in the preface by Lothar. 

No other work is so absolutely destitute of a scientific b9,sis. 
The atomic weight of hydrogen, which is notoriously uncertain 
to fully one per cent., has been made the standard ; consequent- 
ly, all the atomic weights given are fluctuating to the extent of 
one per cent. — amounting to a full unit for silver, and two full 
units for lead. 

There is no reason for this, except the notion of Lothar 
Meyer, that the atomic weights of the elements ought not to be 
exact multiples of any number. 

No real data of weighings are given ; for the total suin of all 
weighings, and the numb^i* of determinations made, as well as 
the greatest and least ratios, are not weighings. Hence the book 
is of no use to the special student on this subject. 

The numerical data given are not reliable. Thus, Louyet's 
determinations of Calcium Sulphate from Calcium Fluoride are 
given (p. 184) at 

Mean 1. 7353 Min 1. 735 Max 1. 736 

Instead of 1.7435 " 1.745 " 1.746 

an error which is not merely typographical, for it produced an 

* Die Atomgewichte der Elemente, aus den Originalzahlen neu berechnet 
von Dr. Lothar Meyer und Dr. Karl Seubert. Leipzig: Breltkopf & Hartel, 1883; 
pp. X, 246, 8vo. 
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enormous effect on the atomic weight calculated by Meyer and 
Seubert, namely 19.15 for 0=15.96 or 19.19 for 16.00; instead 
of 19.00, which results from Louyet's determinations, and also 
is the true value. 

No doubt, Lothar Meyer dislikes the ''incorrect" round 
numbers (preface p. V). We shall pay our best compliments to 
this most peculiar "famous** chemist of Germany, when we 
come to the consideration of his "discovery" of the "periodic 
law." 

While all the numerical results, and some of the reputed data 
of observation, contained in this book, are useless, it may serve 
the purposes of an index to the papers on atomic weight deter- 
minations for the period covered ; but is fit for nothing else. 

Being the most absurd of all the works published on this sub- 
ject, it had naturally a wonderful influence in these modem days, 
especially in Germany. The Berlin *' Chemiker Kalender," un- 
til about a year ago, gave the atomic weights according to this 
peculiar standard, and nearly all analyses in Germany were 
' ' calculated ' ' according to these false atomic weights ; in other 
words, the analyses were, of necessity, falsified. 

The influence of these tables has extended even to this coun- 
try, for the new United States Pharmacopoeia has adopted these 
spurious and false atomic weights throughout. 

It is the old story over again. The bigger the humbug, the 
better and the quicker it takes. But the atomic weights of the 
(jhemical elements should not be subject to such influences. The 
fuct that they have been so influenced shows to what extent this 
most important branch of chemical science of the last quarter of 
a century has been degraded for the lack of sound criticism. It 
is indeed time that this deplorable condition cease. 



Vox Clamantis in Deserto. 

Exactly a quarter of a century ago, I read a paper '*On the 
Classification and the Atomic Weights of the so-called Chemical 
Elements, with Reference to Stas' Determinations," before Sec- 
tion A of the American Associati.e^^f^i' the Advancement of 
Science at its meeting at Salem, Massachusetts, August 18 — 24, 
1869. This paper is published* in full pp. 112—124 of the Pro- 
ceedings (Cambridge, 1870) of that meeting. 

In those early days, the American Association had not yet 
divided itself into numerous small sections, in imitation of the 
much larger British Association ; only two sections existed, 
namely one for the physical (A) and another for the natural (B) 
sciences. 

With the ' ' progress " of science in America, the increasing 
number of " specialists " that have no broad scientific education, 
but like factory hands, can turn some few buttons, the Associ- 
ation has greatly lost in scientific importance, i 

But even in that day, the crowded audience contained very 
few who seemed to understand, and only one who fully compre- 
hended, the main point made by me, by declaring after a brief 
discussion, that my point of comparison with Kepler's Laws, was 
*' well taken." That man was none less than Professor Benjamin 
Peirce of Harvard University. 

But with that exception, and especially as far as the Chemists 

* Also as No. 4 of my Contributions to Molecular Science. 
6 
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of the audience were concerned, my voice was that of one crying 
in the wilderness. 

I think it of sufficient importance, however, to insert here tbe 
entire third (and last) section of that paper, from the proceed- 
ings, in order to show that even so far back as 1869, I had de- 
monstrated the existence of a systematic error in the result of 
Stas. It throws a strong light on the condition of chemical 
science, that this positive clue to the erroi's in the results of Stas, 
has not been recognized and much less developed by any chem- 
ical worker or calculator during the quarter century that has 
elapsed since the clue was placed in their hands. 

The following is the Section of my paper referred to, in which 
the pages of the original publication are marked in brackets. 

'* III. Stas' Determinations. 

[122] "Very much is said about these very interesting de- 
terminations of the atomic weight ; but we believe that the true 
importance of these great labors is hardly estimated yet. Most 
chemists seem to think that the chief importance of the pains- 
taking work of Stas is to disprove and forever reject the so-called 
hypothesis of Prout ; and with the destruction of this hypothesis 
they seem to think that all the palpable harmonies of the atomic 
weights, and particularly all relating to '-'' pantogen^^ is anni- 
hilated. We are inclined to think that just such careful deter- 
minations will demonstrate the correctness of a law of a common 
divisor (equal one-half the atomic weight, of hydrogen?) for all 
elements, and prove some essential features of the structure of 
the element atoms. 

" In order to approach this subject let us grant all that Stas 
does claim for his figures ; that is, they are exact to the first or 
even the second decimals. Let us see^ what these Jigures^ if 
they are so accurate as claimed^ really do prove I 
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' * The values of Stas are actually obtained for oxygen equal 
to 16. Let us represent these values by S. The atomic weights 
in accordance with Prout's Law (referred to one-half hydrogen) 
^e shall for the sake of convenience call the normal atomic 
weights, A. The deviation of observation from these normal 
Talues we denote by D, 

D = S — AorS = A + D. 
The deviation per unit of weight will then be 

A 

'*The values A, S, D and d are given in the following table, 
[123] S being taken from Freseniu%' Zeitschrift Jiir Analy- 
tische Chemie^ 1868, p. 169. 

A. S. D. d. 

Kaloids, /fa, mean +0.00284 

Lithion, Li 7 7.022 +0.022 +0.00314 

Sodium, Na 23 23.043 +0.043 +0.00187 

Potassium, Ka 39 39. 137 +0. 137 +0. 00351 

Phosphoids, 

Nitrogen, N 14 14.044 +0.044 +0.00314 

Pantoids, T 

Hydrogen, H 1 1 . 002 +0. 002 +0. 00200 

SULPHOIDS, 6 

Oxygen, 16 16.000 ±0.000 

Chloroids, .Y, mean — 0.0008 

Chlorine, CI 35 . 5 35. 475 —0. 025 —0. 0007 

Bromine, Br 80 79. 952 —0. 048 —0. 00060 

Iodine, lo 127 126.850 —0.150 —0.00118 

Cdproids, Ku 

Silver, Ag 108 107.930 —0.070 —0.00064 
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^^ It is apparent that d is nearly constant for the same genus, 
and very nearly +0.003 for the Kaloids, — 0.001 for the Clo- 
roids. In other words the deviation — whatever be its cause— is 
nearly proportional to the absolute weight determined ! 

* ' Another very peculiar fact is the positive sign of the devia- 
tions, D and d, for the elements which are electro-positive in 
regard to the standard (oxygen), while the deviations are nega- 
tive for the elements which are electro-negative in regard to 
oxygen. Silver forms the only exception to this rule. At the 
same time its deviation d is only 0.0006, or much less than that 
of all other elements except bromine ; and the electro-chemical 
difference between silver and oxygen is not considerable either. 

"We conclude, therefore, that Stas' determinations S of the 
atomic weights deviate from the normal atomic weights A by 
small quantities D which 

[124] ^'' Firsts in regard to sign agree with the electro- 
chemical sign of the element in regard to oxygen (silver ex- 
cepted) ; and 

' ' Second^ are nearly proportional to the atomic weight itself. 

*' Granted the accuracy of the determinations of St as, the 
conclusions just given follow. We accordingly have a case in 
chemistry like that which astronomy would have. offered if the 
perfection of the instruments and methods of observation had 
progressed more rapidly than theory, after the propounding of 
Kepler's laws. Then deviations from the elliptical orhits 
would have been observed, and it would have been discovered 
that these deviations were closely related to the relative position 
of the planets. If an expert observer on account of these devia- 
tions should have rejected Kepler's laws as disproved, he would 
have been greatly in error, because, as we now know, the observed 
deviations are consequences of the same law of gravitation on 
which Kepler's laws depend. 
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" Now, theoretical chemistry is vastly behind practical (em- 
pirical) chemistry, in fact, so much behind this latter that the 
claims of mathematical chemistry are generally either Ignored or 
derided. We shall, therefore, not venture to give our explanation 
of the deviations d ; we probably only would deter from those 
much needed researches, which will demonstrate what we now 
must leave as merely probable." 



CHAPTER III. 



CRITICAL EXAMINATION 

OP THE 

DETERMINATIONS OF STAS. 

The mere presentation of the conflicting results obtained by 
the recalculators of Stas has sufficed to show that not one of the 
atomic weights, claimed to have been determined by Stas with 
such wonderful precision, is really known to a certainty, and 
that, on the contrary, the atomic weights of all elements appear 
to be mixed up in inextricable confusion. 

But the amount of analytical work done by Stas is too great 
to be left unproductive to science. Let us endeavor to examine 
it without preconceived notions of any kind, simply and directly 
from the standpoint of a chemist. We do not n^ed to create a 
reputation as a mathematician for ourselves, and the mere appli- 
cation of the handicraft involved in the method of the least 
square, could not possibly give such a reputation outside of the 
circle of chemical analysts. 

But as I desire the especial attention of exactly this class of 
scientists, I will refer them to an experience which must be com- 
mon to all, and which will give them the clue to the mistake 
made by our chemical calculators, Ostwald, Clarke, and the 
others — including even Stas himself as the first calculator of his 
own analyses. 
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We all know how strong a hold the systematic course of 
chemical analysis takes on the younger chemist ; how he will ap- 
ply it and work for hours, where the chemist of experience, by a 
few simple, preliminary tests, in a minute, ascertains the general 
chemical nature of the substance in question. Of course, this 
mistake may also be made by others than beginners. Thus* the 
elaborate analysis of the Orgueil meteorite by Pisani* does not 
indicate the presence of sulphates ; but putting a few grains of 
this meteorite in a drop of water, the cement is dissolved, and in 
a few minutes beautiful crystals — even twins — of gypsum appear 
in the marginal portions of the drop examined under the magni- 
fier or the microscope— as I had occasion to recognize recently. 

Now, the Revisers and Recalculators of Stas are mathemat- 
ically in the condition of the young student of chemical analysis, 
who brings the entire formulary of the general analytical course 
to bear in each simple case, because the principles of analysis 
have not yet been assimilated by him and become part of his 
being. Hence the foremost Recalculators employ a formal mech- 
anism of calculation instead of attacking the problem in a broad 
mathematical spirit. 

Let us now undertake a plain, matter of fact, chemical ex- 
amination of the analyses of Stas, with a view of a critical deter- 
mination of the positive, scientific results obtainable from his 
extended and laborious analyses. 

To attain this object it will not do for us to follow the exam- 
ple of Stas and his calculators in the blind adoption of wild 
hypotheses ; we must strictly confine ourselves to matters of 
scientific fact, and not let ' ' purely mental conceptions * ' ensnare 
us away from " experiment, measure and calculation," (see ad- 
dress of Academy of Amsterdam, p. 36.) 

For example, T hold that it is impossible to know the exact 

* Meunier, Geologie comparee. Paris, 1874; p. 141. 
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weight of a substance, except it be ascertained by actual careful 
weighing on a good balance ; this furthermore presupposes, that 
the substance itself is in a weighable form, a constant and fixed 
chemical and physical condition. 

But Stas has not conformed to this rigid rule of science. He 
has labored long and with extreme skill in producing what may 
be properly called an analytical consomm^ ; he has assumed to 
know exactly what compound this soup contained, and guessed 
at the weight of substances in the same. Upon such, purely 
mental conceptions he has built his atomic weights, and so have 
all his recalculators done after him. 

When we come to such a condition of things in the work of 
Stas, we shall, in detail, prove that the above description is ex- 
actly true — and shall leave such spurious determinations to 
students of metaphysics and to friends of the culinary art. 

Of substances that can be produced in chemically pure state 
and in a weighable, physically and chemically reasonably per- 
manent condition, several of the metals are good examples. Stas 
has produced admirably pure silver and excellently pure lead. 
We may safely take these metals of his, when carefully weighed 
by this master of analysis, as representing definite chemical 
entities in a definite amount, expressed with precision by the 
weight* given by Stas himself. 

This will be our first rule^ to which I trust there will be 
raised no objection. While it is true, that even the distilled sil- 
ver is not absolutely chemically pure, we will accept it as pure 
within the limits of our experience. 



* Ostwald wants ma%% to take tho place of the weij?ht, varying with place of 
welghinK* (Lehrbuch I, p. 2). Hut the weights vary exactly in the same proDor- 
tion. The actual (UsUmmu I nation of mass involves the determination of the ac- 
celeration of gravity; lu^nce is very crude as compared to the operation of 
weighing. Chemists will continue to weigh and use weights. 
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Section I. — Synthesis of Ternaries. 

One of the most famous series of experiments of Stas is the 
conversion of ,a definite amount of such a metal into its nitrate 
and sulphate and the determination of the weight of these salts 
so obtained. Now such chemical conversion, without loss or 
gain of the amount of metal used, is a most difficult operation ; 
the conversion should be complete, and the product should 
contain nothing else whatsoever but the compound intended. 
Finally, these compounds must be in a weighable form, that is 
physically and chemically sufficiently constant under our ordinaiy 
conditions. 

All chemists will agree on these conditions, which it is, how- 
ever, infinitely more difficult to fulfill, than the obtaining of the 
definite amount of the metal started with. Hence the weight of 
the metal is the independent variable and the weight of the 
compound must be considered the dependent variable. 

Also here we may cheerfully admit the impossibility of abso- 
lute compliance with all of these conditions ; at the same time 
we ought to grant that methods and men come in to their fullest 
weight, and will, individually, approach the fulfilment of these 
conditions to a greater or less extent. 

As to methods^ we all understand some of the essential con- 
ditions: no transfers from first vessel used, no turbulent action 
at any time, etc., etc. Our special treatises are full of these 
matters, and only serious infractions of these rules would deserve 
mention here. 

As to men^ we shall join the school of Stas in all they wish to 
say as to his skill as an analyst. But we will not admit, that he 
is the only expert analyst, and that whenever the results of any 
other chemist differ from those of Stas, that always Stas was 
right and the other chemist wrong. This common opinion of the 
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Nchool of Stas is one of the fixed mental conceptions which have 
taken possession of them, and is in glaring conflict with tiie 
plainest results of ^ ^experiment, measure and calculation," as we 
Nhall show at the proper time. 

We shall find, as the result of the most careful and critical 
examination of the data obtained by Stas and by Dumas, that 
tlii^ oft accentuated conflict is also one of the manifestations of 
llm exuberant imaginations of Stas and his school ; for the deter- 
minations of Stas confirm those of Dumas, when examined as all 
N(t{c)ntific data should be examined : by a cool, critical comparison 
<if ali the facts in the case. 

( )n the question of the nature of the product, loss or gain of 
that product, there might be no end of questionings. But our 
(ihj«*ct being simply a straightforward, scientific examination of 
\\\K\ H'Hults obtained by Stas, we will as Rule 11^ grant the friends 
iif SttiH all that they possibly could ask, by accepting the final 
wi^lf^htH obtained by Stas as the weights of the product he con- 
oiildiK it to be and obtained from the metal he has taken. We 
fiirlht^rniore will carefully note all special remarks made by Stas 
hihibnlf, tibout the process and the results, and also accept these 
hluliMiuMits iiH final. We must, however, reserve the right to 
hhnw up larjjjer errors in detail, wherever they may occur. 

llniliU' these; conditions, we expect the entire school of Stas, 
Ihul ih, all choniists, to join in this critical examination. 

'\\\ rtimplify and shorten our work, let the metal taken have 
u u^■i^ht •!, th« salt (nitrate, sulphate) formed therefrom have a 
u»ilgiil p ; thtMi the amon7it of salt fcr tcnit of weight of metal 
\.\ iili:ul'l.v JH nhtainod by dividing the weight of the salt found by 
ihi' \vi:i|iht of thr metal used. That is: 

P 
a •= _ 

q 

I hitt rutit) U the direct expression of the chemical operations 
liiinltJi wii hhull call it the analytical ratio. It involves no 
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theory, no supposition whatsoever, beyond that of the uniformity 
of the product obtained. It is the simplest, most direct expres- 
sion of the analysis made, granting all that is claimed by his 
school : pure, definite metal and compound, no loss, no gain, as 
stated above. Moreover, the school of Stas is using this ratio, 
referring to 100 of the metal as the unit. This plain, matter of 
fact examination of the determinations of Stas, we shall now 
proceed to make, beginning with the most admired of all, the 
synthesis of silver nitrate, 

A. SYNTHESIS OF SILVER NITRATE. 

Stas syntheses of silver nitrate, from purest silver and nitric 
acid, are the most famous of all quantitative determinations on 
record. Stas himself was particularly proud of this work of his, 
since he twice — both in 1860 and in 1882 — specified these deter- 
minations in his challenge to the chemists of the world. His 
first two publications were' each marked by a series of such 
syntheses,* in which he used from 77 to 40o grammes of silver 
in each. They were all carried out with extreme care. The 
determination No. 7, in which it was impossible for him to collect, 
separately, the minute amount of silver nitrate that might have 
been carried over, is by his calculators generally thrown out ; we 
shall, accordingly, do the same. The second series comprises 
only two determinations, but as some question had been raised 
by Marignac concerning the first series, Stas was doubly careful 
in this last series. The amount of silver used averaged one 
hundred grammes only — less than one fourth the amount he had 
used in No. 6. 

The data of these determinations are given by Stas (Edition 
Aronstein, p. 305 and 315). Sebelien also gives full data, but 

* The first series published in 1860, comprised 8 separate determinations. 
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Clarke gives Done of the weighings, so that on this important 
point his book is of little value. Van der Plaats (p. 518-519) 
gives and uses the second series only — that is, he used two of the 
ten determinations made by Stas, throwing away the other eight. 
We shall see how great an influence this omission of the first 
series has on the resulting values given by this author falsely as 
the expression of Stas' determinations. 

In each determination, Stas presents two distinct values for 
the weight of the silver nitrate obtained; in other words, he 
applies the term silver nitrate to two different bodies. 

First, dried he calls silver nitrate, when it has, under the 
conditions of his experiments, attained a constant weight at 
about the temperature of beginning fusion. After having deter- 
mined this weight, he fuses the nitrate completely at but a 
slightly increased temperature, to avoid its decomposition, and 
now determines its weight again ^& fused nitrate. 

The following table gives all of the determinations, carefully 
revised by comparing the different authorities which, however, 
happily show no difference whatever in these figures. 

[Table 4.] 
SYNTHESIS OF SILVER NITRATE, BY STAS. 

ABSOLUTE WEIGHT IN GRAMMES. 

Silver Nitrate obtained. 
Dried. Fused. 

121.6919 121.6749 

157. 5025 157. 4770 

314.969 314.933 

472.4303 472.403 

472.432 472.411 

637.755 637.713 

3M.921 314.901 

314.977 314.938 

2 H. 6600 214.6462 

129.6555 129.6420 



No. of 
Determ. 


Silver taken. 


1 


77. 2684 


2 


99. 9925 


3 


199. 986 


4 


299. 996 


5 


300. 000 


6 


404.997 


7 


200. 000 


8 


200. 000 


9 


136.2952 


10 


H2. 3231 
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These are the data of observation, as published by Stas. We 
accept them as such, and subject them to the only legitimate 
process of calculation, by dividing the weight of the silver used 
into the weight of the nitrate obtained, so as to ascertain the 
amount of silver nitrate obtained per unit of weight of silver 
taken. This we have called the analytical ratio. 

Table 5, gives the results of this calculation. In this table, 
the weight of silver used is only stated to the decigram, as it 
serves here merely the purpose of reference. 

[Table 5.] 
SYNTHESIS OF SILVER NITRATE. STAS. 

No. Silver. Analytical liatio. 

(to dgr.) Dried Nitrate. Fused Nitrate. 

1 77.3 1.574 

2 100.0 

3 100. 

4 300. 

5 300. 

6 405. 

7 200. 

8 200.0 
Mean (omitting 7) 

9 136.3 
10 82. 3 

Mean, 

* Third place is 6, Instead of 4. 

« 

As to the numerical data here given, I will observe that the 
ratios for the first series (Nos. 1 — 8) are those given in Aron- 
stein, and also by Clarke. Sebelien gives a different value for 
Nos. 7 and 8 in the fused salt ; but his value I find in conflict 
with the weights stated in Table 4. The ratio for the dried 



92 


1.574 


74 


10* 




81 


85 




77 


76 




71 


78 




70 


71 




63 


60 




50 


88 




69 


85.7 




72 


96.3 




86.2 


95.9 




79.5 


96.1 




82.8 
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Nitrate of the second determination I find smaller by 4 units in 
the fifth place than the weighings require ; but I keep the figaie 
as furnished by Stas, because my value would increase the diver- 
gence of the results of Stas, that is, show against him. 

For the second series of determinations, Nos. 9 and 10, we 
find the ratios given by Van der Plaats to agree with the weigh- 
ings of Table 4 ; hence it is these we have given. Of course, all 
ratios have been carefully calculated by me, using seven-place 
logarithms. 

In table 5, we have before us the results of the two most 
famous series of quantitative determinations which the science of 
chemistry possesses. The analytical ratio gives the amount of 
silver nitrate (dried or fused) obtained by Stas from a unit of 
weight of pure silver, while as a matter of fact he used the amount 
of silver stated to the nearest decigramme in each line. 

These analytical ratios are not new results — they are the 
identical data used by Stas and his recalculators, or at most dif- 
fer but slightly therefrom, as opecified above. 

But here it is where we must part company with all the chem- 
ists that have preceded us — for the simple reason that they have 
not conformed to the princijjles of science, but have adopted 
false hypotheses and arrived at a chimera — to use their own 
language. 

Stas himself, and all his recalculators, have looked upon 
these columns of figures, and noted with pleasure that the first 
four digits — which we therefore have printed at the head only — 
are identical, and that the fourth decimal does not vary much 
either. 

They have, accordingly, taken the mean value as marked on 
our table — omitting the seventh determination for the reasons 
stated above — and thus found, as the final result, for the amount 
of silver nitrate obtained from a unit of weight of silver, the fol- 
lowing mean values : 
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First series. Second series. 

Dried 1.574 857 Dried 1.574 961 

Fused 1.574 721 Fused 1.574 828 

It will be noticed that these mean results are far from identi- 
cal ; the weight of the fused nitrate is about 14 units in the fifth 
place (hundred thousandths) less than the dried silver nitrate, 
though these, if they were determinations of the amount of true 
silver nitrate obtained from the same unit of weight of pure sil- 
ver should agree. Furthermore, the means of the second series 
are about ten units in the fifth place larger thau those of the first 
series ; that is, pure silver gave Stas about one sixteen thousandth 
more of nitrate in 1865 than in 1860. Did silver change in that 
time? Did the "combining capacity" of silver progress from 
that flat basis from which Dr. Fittica drove it to secure a wider 
field for his investigations? (See p. 37.) 

It will be granted that by taking either of the four means 
above stated, there will, of necessity, result four different series 
of atomic weights for silver and all other elements. 

And we should not for a moment suppose, that the differences 
here brought out are so very insignificant. For example, we 
shall soon learn, that the influence of any error in this ratio on 
the atomic weight of nitrogen is multiplied by the atomic weight 
of silver, 108. Hence the extreme difference of these four 
means, namely 24 in the fifth place, or 0.00024, amounts to 
0.02592 or 0.026 on the atomic weight of nitrogen — a quantity 
far beyond the extreme possibility according to the calculation 
of probability by Stas (p. 33). 

But the individual ratios var}'^ (omitting 7) from 60 to 110 in 
the fifth place, or differ by 50 of that unit, that is 0.00050, which 
will cause a variation of 0.054 in the atomic weight of nitrogen. 

Now this amount is fully equal to the largest deviation from 
the exact 14 found by any of the recalculators, as will be seen 
by reference to p. 61. 
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It thus appears, that the actual differences in the ohserved 
ratios of silver nitrate, are fully sufficient to account for the de- 
partures found for the corresponding atomic weight of nitrogen; 
in other words, these departures are correlated and equivalent 
to these apparently minute differences in the silver nitrate 
ratios resulting from the '-'"wonderfuP^ syntheses of silver 
nitrate effected by Stas in i860 and 1865. 

It will not do, therefore, to simply say, that these differences 
are small, only affecting the fourth place one or two units, and 
may be neglected. On the contrary, these differences must be 
carefully studied, for on these depend the reality of the depart- 
ures of the atomic weights from the common values and the unity 
of matter as well. 

Nor will it do, with Van der Plaats, to simply omit the eight 
determinations of the first series and take only the two detennin- 
ations of the later series — which involved an amount of silver of 
only about one hundred grammes, while the first series of Stas 
involved from 70 to 400 grammes in the different single deter- 
minations. 

There is plainly something deeper in all this than can be seen 
by a mere glance of the eye at the ''agreeing" figures of the 
columns of table 5. 

Now, what should a scientist do in a case like this? What is 
the best means at our disposal for examining the relations of 
quantities, expressed by numbers? Why, we can see them best 
by looking at them, that is, by representing them to the eye as 
portions of space, as geometrical quantities. 

In table 5, we have two sets of correlated quantities: the 
amount of silver used, and the ratio of the silver nitrate obtained 
(dried or fused). The weights of silver we will take as abscissae. 
The corresponding ratios we will take as ordinates. 

To represent the analytical ratios, we will count them from a 
convenient point on the vertical. Since the formula of silver 
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ite is AgOsN, and since for our common atomic weights 

= 108, 0=16, N:=14), this amounts to 170, the (common) 

lie ratio is 

170 



r = 



108 



= 1.574 074 



?he analytical ratios (Table 5) are seen to exceed this atomic 
>. Let us calculate the amount of this analytical excess for 
determination and for both the dried and fused nitrate. In 
3 of ih^Jifth decimal place, we need only subtract 7 from 
inalytical ratio a in order to obtain the analytical excess, a-r, 

SILVER NITRATE. 
Analytical Excess (5th place) 



ABLE 6.] 


SILVER. 


Exp. 


Metal 


No. 


taken. 


1 


77.3 


2 


100.0 


3 


200.0 


4 


300.0 


5 


300.0 


6 


405.0 


7 


200.0 


8 


200.0 


9 


136.3 


lO 


82.3 



Dried. 

85 
103 
78 
69 
71 
64 
53 
81 

88.9 
88.5 



Fused. 
65 
74 
70 
64 
63 
56 
43 
62 

78.8 
72.1 



co-ordinated values of weight of silver used and ana- 
found, are represented by a dot each in Figure 1, 
diagram of Plate I). In the original drawing made 
mes Of silver were represented by one inch, as 
d tiie analytical excess of 10 in the fifth place also by 
inate. In this manner, I was able to accurately 
eight of silver used to the decigramme, and the 
onnd to the millionth (sixth place) — for these 
hs of an inch on the scale used. The printed 
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diagram has been reduced by the photo process to one third theji« 
original scale. 

It will also be noticed that the dried nitrate is represented by 
small open circles, while the fused nitrate is marked by filled 
(black) circles of the same size. The three determinations, Nos. 
4, 5, 6, are not represented as they would require a diagram 
twice as long. We shall, however, not omit these determinations 
on that account from our consideration. 

Now, it is apparent at first sight, that these dots representing 
the analytical ratio for the dried and fused nitrate, mark the two 
drawn out curves. The only determination decidedly outside is 
No. 7, and it will be remembered, that Stas himself has stated, 
that its value is too low, and wh}^ Furthermore, it is shown bv 
the dotted lines, that these curves produced would reach the 
point of origin of the drawing. 

Accordingly, the analytical ratio found depends upon the 
amount of silver used in the experiment. Towards hundred 
grammes of silver, the analytical ratio increases ; above 150 
grammes, it quite markedl}^ decreases again. Table 6 shows 
that for 400 grammes of silver, the analytical excess comes down 
to 5G, which is but little more than half that for 100 grammes in 
the case of dried nitrate. 

Now right here I notice a most curious error in the actual 
chemical determinations of Stas, an error that has been overlooked 
by all his recalculators. Namely, he has largely overstated the 
value of silver nitrate for the highest weight of silver used by him. 

All weights given (Table 4) are absolute, that is, they have 
been reduced by Stas to a vacuum. By subtracting the stated 
weight in air from this, we see immediately how large a correc- 
tion Stas applied for this purpose. By plotting these values, as 
function of the weight of silver used, I find that the correction 
made use of by Stas amounts to 21 milligrammes per hecto- 
gramme of silver in the First Series. By this rule we obtain the 
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a]culated values given below, which are seen to be practically 
ientical with those actually used by Stas in the determinations 
pecified — values which he, of course, obtained by observing 
hermometer, barometer, hygrometer, etc. — the more instru- 
aents, the better ! 
No. 1 2 3 4 5 7 

)bs 16.4 20.5 42 63 63 42 

Ualc 16.2 21 42 63 63 42 

In No. 8, he has allowed 30, while m}^ calculation gives 42 
igr. ; hence the dot. No. 8, placed according to Stas results, is 
00 low. and should be higher above No. 3 ; there was a larger 
ifference between 3 and 8, than reported by Stas. 

The most notable error committed by Stas affects determina- 
ion No. 6, in which 405 grammes of silver were used — the 
ighest amount employed by Stas or anybody else. He has re- 
uced the nitrate to vacuum by adding 150 milligrammes, 
rhile my rule, found true in all other cases, allows only 84 milli- 
rammes. This error amounts to 80 per cent, on the reduction 

vacuum, and it is impossible that such variations can occur in 
ur own atmosphere; the barometer cannot possibly, at any 

ime, have run up to 54 inches at Brussels ! We must, accord- 
Qgly, subtract 66 mgr. from the weight given for the nitrates 
mder No. 6 in Table 4, thereby the corresponding ratio in Table 
i, becomes 1.574 45 and accordingly the analytical excess 
Table 6) is reduced to 38 in the fifth place instead of the value 
'6 there given. An error of 66 milligrammes in a final weight of 
Itas, is not insignificant. The excess for the dried nitrate is 
educed from 64 to 46. 

Combining the values to a mean for the equal weights of sil- 
ver used, we obtain the following results : 

Silver, 
^o. Grammes used. 

77 
I, 3 150 

1 200 
:, 5 300 

405 



Analytical excess. 
Dry Nitrate. Fused Nitrate. 


85 




65 


90 




72 


81 




62 


70 




63.5 


46 




38 
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These Duinbers plainly show the same relation — increase, 
reaching a maximum for about 100 grammes of silver, followed 
by a continued and very considerable diminution. 

The universally admired syntheses of silver nitrate effected 
by Stas in 1860 and in 1865 give per unit of metal, amounts of 
silver nitrate — whether dried or fused — which are not tndepend- 
ent of the amount of silver used, but regularly and systemati- 
cally vary therewith. ^ 

The extent of this variation is enormous, running from about 
38 to 100 in the analytical excess. It is fully equivalent to 0.067 
on the atomic weight 14 of nitrogen, which Stas and his school 
derive mainly from these experiments. 

But if the analytical ratio varies, forming a parabolic curve 
over the corresponding weights of silver as abscissae, it is mani- 
festly chemically and mathematically impossible to take a mean 
ot these ratios ; of course, any calculator may determine such a 
mean, but such a mean can have absolutely no value in science. 

This fact, the systematic and continued variation of the 
amount of nitrate obtained as function of the silver used^ does 
entirely awiiy with nil the calculations of Stas and all the recal- 
culutioiiH of his admirers. This simple but fundamental pact they 
all overlooked — and their work was in vain.* 

Hut if there is no mean, there can be no difference from that 
meun, and (^oiiHeciuently, no probable error. The entire mathe- 
matical treatment to which Stas and his recalculators have sub- 
mitted the syntlieHCS of silver nitrate, was absurd, because it was 
taken for grantcul — a mere unsupported hypothesis — that the 
analytical rutioH fell regularly about that mean — nearest it most 



* It Ht'ornHiiInioHt iMu'OHHiiry to iu>(M)ni])aiiy chemical works with elementary 
explanatloriH, for uho by (iorinan ( 'lioinlHtK of the present. Kolbe has for. seen 
such a lu^cesHlty iti 1H7H. 

Thus, l*rofeHMor (i. KrU-sHof tho llMlv««rslty of Munich, has not yet learned 
to distlnKUisli hot ween a Hcleiitlll<' fa<*t and a mere statement (Behauptung). 
See his contribution to tlie Jahrhu<*h der (4»en»lo 1893, p. 49. 

Tlie *• Docenten " of 1876 liave ovld«uitIy become Professors in 1894. 
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frequently — and were above all, entirely independent of the 
amount of silver employed. 

Why, the essential constancy of the chemical composition of 
any compound is always presupposed in analysis. To assume 
that the percentage of silver in silver nitrate will be found differ- 
ent for a hundred than for two hundred grammes or for four 
hundred grammes thereof, seems absurd. But the syntheses of 
Stas show, that this apgarently absurd condition obtained most 
indubitably in his famous syntheses of silver nitrate, which con- 
tained a less percentage of silver when made from hundred 
grammes of silver, than when made from a greater or less 
amount of the same metal. 

But Stas and his successors should have avoided making such 
rash hypotheses when they were considering experiments involv- 
ing the very foundation of chemistry ; they cried out lustily 
against others, calling them makers of hypotheses and believers 
in a chimera. It was a clear case of the thief crying out : stop 
thief. 

This is not the place for any attempt at an explanation of 
these variations of the analj'tical ratio with the absolute amount 
operated upon. All that is necessary to do here has been done 
in the establishment of the fact. 

In conclusion we may revert to the omission by Van der 
Plaats of the entire first series and the adoption of the second 
*'more exact series" of Stas, (I. c, p. 518). The diagram 
shows that the second series, Nos. 9 and 10, does not in any way 
depart from the others in accuracy ; but both determinations of 
this second series are near the maximum value obtained, from 
which towards greater amounts of silver used, the ratio descends 
enormously. If, therefore, it were proposed to select that series 
of Stas, which, giving the greatest analytical excess for silver 
nitrate, would of necessity also yield the largest atomic weight 
for nitrogen. Van der Plaats could have made no better choice 
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than he actually did. The reason he gave, we have seen to be 
false in fact, though he may not have known that. 

Van der Plaats also declares (1. c, p. 518) that he is incom- 
petent to choose between the fused and dried nitrate as the true 
representative of the chemical compound which we call silver 
nitrate. It is evident that the difference is quite material. 
Recently, Van der Plaats has published a private letter of April 
18, 1886, in which Stas declares that the dried nitrate is the true 
nitrate, because by fusion a slight decomposition takes place, 
which, however, he shows to have corrected by a change of at- 
mosphere. (C. R., T. 116 p. 1363; 1893). Stas also declares 
that the ratio is 1.57495 to 1.57497 only for this dried nitrate; 
but in this, he refers to his second series, exclusively, that is, he 
gives the one value corresponding to 100 grammes of silver used, 
and would like to have us ignore his entire first series, which in 
no way is contradicted by his second series at the point in 
question. If either is bad, both are equally bad. 

It is no longer Stas over Dumas, or Marignac, or any other 
analj'st — it is Stas at one time over Stas at another time ; and 
they seem to be determined to take, as accredited, only those of 
the values of the regular function established by such of his ex- 
periments as deviate the most from the base line corresponding 
to the common atomic weights. Was this choice really altogether 
unconscious, both in Stas and in his disciple Van der Plaats? 

Here we find the school of Stas reduced to the necessity of 
determining the analytical data by mere choice — data from which 
the atomic weights are to be calculated. The strangest feature 
of all is, that their preferences are exclusively for those deter- 
minations only, which lead to atomic weights differing the most 
from the common values of exact multiples. From an exact 
science, empirical in its nature, and resting on the results of ex- 
perimental data, even the master of this school has turned to a 
deliberate selection of data favorable to their assumed hypothesis ! 
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The only legitimate conclusion that Stas and his school of 
empirics could draw from the data of their own experiments, 
represented in Plate I, would be this : Chemical compounds do 
not contain the elements in fixed proportions ; for the amount of 
silver nitrate from a given unit weight of silver, varies continu- 
ously and regularly with the absolute weight of silver employed, 
which amount is a maximum for about one hundred grammes of 
silver used, and is constantly larger for the dried nitrate than 
for the same chemical compound when it has been fused. Ac- 
cordingly, the act of fusion destroys the fundamental property 
of weight. 

Thus, both Berzelius and Lavoisier are disproved by Stas. 
This ought to be a matter of greater consequence to the empiric, 
than the bearing of Stas' determination on the hypothesis of Prout. 

But neither Stas himself, nor his school, have dared to draw 
this, the only legitimate empiric conclusion from the famous 
syntheses of silver nitrate made by Stas; on the contrary, they 
take special credit in claiming, that Stas above all others, has 
demonstrated* by his analyses, that chemical compounds do 
contain the constituent elements in perfectly fixed proportions ! 

Having considered the synthesis of silver nitrate by Stas with 
considerable minuteness, we may be allowed in the future to 
merely present the main facts and indicate the conclusions which 
necessarily flow from them. We deem it also advisable to 
present, at every important point, the determinations of other 
chemists on the question at issue. We shall begin right here, 
by the consideration of the syntheses of silver nitrate effected 
by Marignac, 

Table 7 gives the details of the experiments of Marignac, as 



* Ostwald, 1. c, p. 14: " proved exact to a ten-millionth !" " The most perfect 
demonstration of any law of nature!" What a i)oetic, imaginative soul Pro- 
fessor Ostwald must have! No wonder, he is adopting all sorts of new theories— 
and wants to destroy the old fashioned science of Newton and Laplace. 



88 Critical Examination op Stas. 

copied by Clarke (p. 42) from Berzelius' Lehrbuch, oth Ed., 
Vol. 3, p. 1184, and by Sebelien* (p. 139) without reference to 
original publication in Bibl. univ. de Geneve, t. 46, p. 365,1848, 
which is mentioned in Meyer-Seubert's index, p. 61. Sebelien 
states that Marignac maintained the silver nitrate, for some 
time, one or two degrees above its fusing point, in order to 
expel the last excess of acid. 

[Table 7.] 
SYNTHESIS OF SILVER NITRATE. MARIGNAC. 



Determ. 
No. 


Sllver 
Taken. 


Nitrate 
Found. 


Analytical 
Ratio. Excess (5th). 


1 


68. 987 


108. 608 


1.574 


33 


26 


2 


67. 844 


91.047 




01 


— 6 


3 


66.436 


104. 592 




33 


26 


4 


70. 340 


110.718 




04 


— 3 


5 


200. 000 


314. 894 




47 


40 


Mean 1- 


4, 65. 9 






18 


11 



These determinations have also been represented in Figure 1. 
It is evident that the first four determinations can properly be 
combined to a mean, which has been plainly marked on the 
diagram. 

This mean, together with the quite distant determination 
No. 5, gives a preliminary indication of the curve representing 
the analytical excess for the conditions under which Marignac 
effected his syntheses of silver nitrate. 

While the determinations are insufficient in number, it will 
already be noticed here, that notwithstanding the apparent enor- 
mous conflict between the results of Stas and of Marignac, our 
diagram shows that all the curves converge towards the origin of 
the co-ordinates ; so that for small weights of silver, both Stas 

* The error signalized hy Sebelien is a mere typographical one, 66 instead of 
68 grammes, as shown by ratio and confirmed by Clarke's copy. 
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and Mariguac would have obtained the same values of silver 
nitrate, if each had continued to work under the same conditions 
as before. 

But we shall not insist on this point here — our empirics 
would cry out extrapolation though we are not determining any 
value at all — we simply call attention to ih'^fact that the curves 
drawn do meet at the origin. Stas' experiments are represented 
by the full dra^n curves — their continuation is only represented 
by dots. In corresponding cases of other determinations we 
shall, however, be able to present data all along such a parabolic 
curve passing from the origin, or the point determined by the 
atomic ratio, accepting as atomic weights the common values 
for 0=16, N=14, Agz=108 exactly. 

But as to extrapolation — has not Stas and his school relied 
entirely Upon extrapolation ? Has Stas made any determinations 
for moderate weights ? None at all ! Both he and his school 
have tacitly adopted also this additional, entirely unfounded 
hypothesis, that what they find true for hundred grammes, is also 
true for fifty, for twenty, for ten, for one gramme. And yet, a 
simple glance at our diagram reveals the fact that the data of Stas 
found above 100 grammes are in absolute conflict with this 
hypothesis — hence it was an unwarranted and misleading hy- 
pothesis to assume the constancy of the ratio below 100 grammes. 

B. SYNTHESIS OF LEAD NITRATE. 

The synthesis of lead nitrate has been effected by Stas with 
almost as much precision as that of silver nitrate. He first made 
six determinations in which he dried the resulting nitrate in a 
current of air. In his second series he dried the nitrate at 155 
degrees in vacuum. 

We find the fundamental data (weighings), as published by 
Aronstein (p. 329), copied by therecalculators (Sebelien, p. 149 ; 
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Van der Plaats, p. 522); only Clarke here again fails to give 
these necessary data. The only question raised is represented 
by the interrogation mark added by Van der Plaats to the weight 
of the 5th nitrate ; but I fail to see any reason for this, because 
the reduction to vacuum does not show any misprint in the dataof 
Stas, whose ratio is, however, in conflict with the weighings. The 
evidence is therefore strongly in favor of assuming an error in 
Stas* calculation of the ratio, 5 ; for the concordant weights give 
the ratio 5 which deviates considerably more than the others. 
In my tables and in the drawings I retain both. 

The following table (8) gives all the absolute weights of Stas, 
as well as the analytical ratios calculated therefrom by dividing 
the weight of the nitrate obtained by the weight of the lead used. 
We also have added the analytical excess^ calculated in the man- 
ner explained, by means of the atomic ratio determined by the 
common atomic weights (Pb=207, N=14) for 0=16, which 
gives the common atomic weight of lead nitrate, Pb (08N)2=331, 
and, accordingly, the atomic ratio 

QQ1 

r = gi= 1.599 034 

The calculations have been carried to the sixth place for the 
first series, but rounded off to the fifth place for the analytical 
ratios given in table 8 on page 91. 

The analytical excess has been plotted as or-dinate to the 
weight of lead taken as abscissa, exactly as for the silver nitrate. 
The n suiting diagram, Figure 2, (the lower part of Plate 1), 
shows the same strange result: the weight of lead nitrate ob- 
tained per unit weight of lead, varies continuously with the 
absolute weight of lead used, instead of being approximately 
constant. Excepting the experiment 5 represented by the two 
points a and b which both are equally in doubt, but below the 
curve, we find only No. 3 markedly above the curve. Evidently, 
the mean of these two determinations 3 and 5 would fall on or 
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near the curve drawn, which thus truly represents all the synthe- 
ses of lead nitrate made by Stas. To give the determinations 
with the greatest amounts of lead (Nos. 9, 10) an equal influence, 
the latter part of the curve ought to have passed a little above 
point 8 and almost reached point 9. But this has, manifestly, no 
influence on the general result above stated, namely that the 
amount of lead nitrate produced per unit of metal is a function 
of the absolute amount of metal employed, instead of being ap- 
preciably constant, and above all independent of the amount of 
metal used. 

The mean values calculated by Stas and his recalculators 
have, accordingly, no existence as scientific data. 

Van der Plaats (1. c. p. 522) gives as mean analytical ratio for 

Series I. 1.599 713 

Series II. 646 

and adopts the latter to the exclusion of the former ; the differ- 
ence is 67 in the sixth place, or 6.7 in the fifth place. 

(To page 90.) [Table 8.] 

SYNTHESIS OF LEAD NITRATE. STAS. 



No. 


Absolute Weight. 
Lead. STitrate. 


Analyt 
Eatio. 


• 


Analyt. 
Excess (5th). 


1 


103.000 


164. 773 


1. 599 


74 


70.4 


2 


140. 6887 


225. 0674 




76 


72.1 


3 


110.2672 


176. 408 




86 


82. « 


4 


141.9927 


227. 1527 




75 


71.5 


ba 


148.616 


237.702(?) 




44 


40.4 


b 








68 


64.6 


6 


124. 348 

■ 

100.000 


198. 924 
159. 970 




74 

70 


70.2 


7 


67 


8 


200. 000 


319. 928 




64 


61 


9 


250. 000 


399. 8975 




59 


56 


10 


250. 000 


399. 914 




65 


62 
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Nevertheless, the simple combining of the determinatioDs for 
(nearly) equal weights of lead used, plainly shows the systematic 
variation of the analytical ratio, and of the corresponding excess. 
The doubtful experiments 3 and 5 are, necessarily omitted. 
No3. 1,7 6 2,4 8 9,10 

Weight, 101 124 143 200 250 

Excess, 72 74 75 64 62 

The maximum is reached between 124 and 143 grammes of lead, 
say at about 133 grammes. 

We have not time to consider specially any of the chemical 
fine points raised by Stas, such as the presence of one twenty- 
thousandth of silicon in the lead used for the first series ; it is 
evident from the drawing that the quantitative chemical opera- 
tions outweigh the influence of such a trace. More serious is the 
fact, that lead nitrate, in so large amounts, has not yet lost all 
water at 140 and already begins to decompose at 195. 

C— SYNTHESIS OF LEAD SULPHATE. 

Stas changed the lead nitrate obtained, in six instances, into 
the corresponding sulphate, by treating it, in the original vessel, 
with an excess of pure sulphuric acid. The results are repre- 
sented in table 9. The analytical excess is calculated by sub- 
tracting the atomic ratio of lead sulphate from the analytical 
ratio found. Since the common atomic weight of sulphur is 32, 
lead sulphate, Pb04S, has the atomic weight 303, and the atomic 

ratio is 

303 
r = — z= 1.463 768. 
207 

The data are taken from Aronslein, p. 333, correcting th® 
typographical error in absolute weight of lead (No. 5), as already 
done by recent calculators, and producing no change in the ana- 
lytical ratios. 
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[Table 9.] 
SYNTHESIS OF LEAD SULPHATE. STAS. 



-No. 


Absolute 
Lead. 


Weights. 

Sulphate. 


Ratio. 


Analytical 
Excess 


(5th). 


4 


141. 9925 


207. 9388 


1.464 


44 




67 


5 


148. 616 


217.6141 




27 




50 


7 


100. 000 


146. 419 




19 




42 


8 


200. 000 


292. 864 




32 




55 


9 


250. 000 


366. 0525 




21 




44 


10 


250.000 


366. 0575 




23 




46 



We have represeuted the analytical excess in the usual way, 
in Figure 2, where the full circles mark each one of the determi- 
nations of lead snlphate made. Taking the mean of determina- 
tions 4 and 5, the curve passes above No. 7, but follows in 
general, a course below that representing the nitrate. All con- 
clusions drawn before, apply to this case with equal force. The 
amount of lead sulphate produced per unit of weight of lead is 
not a constant, but varies systematically with the amount of lead 
employed. 

As before, so also here, the mere inspection of the analytical 
excess already shows the same fact. 



No. 


7 


4,5 


8 


9,10 


Lead, 


100 


145 


200 


250 


Excess, 


42 


58 


55 


45 



Sebelien reports (p. 144) that Berzelius obtained, as a mean 
of four determinations, the analytical ratio 1.46368, which it will 
be seen is only 0.000 09 less than the atomic ratio, that is, the 
analytical excess is — 9. But while the mean is almost identical 
with the theoretical value, the four separate determinations 
(Sebelien, p. 151 — 152) of Berzelius naturally, differ notably 
more than those of Stas. 
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D.— REDUCTION OF SILVER SULPHATE. 

We have no synthesis of silver sulphate, but Stas has ef£ecte<J 
six reductions thereof by means of hydrogen gas ( Aronst. p. 2l7) 
at a sufficiently moderate temperature. If the temperature is 
allowed to rise, the reaction is no longer a simple substitutioa, 
yielding pure metallic silver and hydrogen sulphate, but there 
will result silver sulphide and sulphur dioxide, so that towards 
the end of the process, sulphuretted hydrogen will pass off- 
Hence, a loss will be sustained, whenever the odor of hydrogen 
sulphide is noticed. Stas says he always noticed this odor 
(1. c, 2 17). The extreme difficulty of preventing this loss will 
be shown when we shall consider Cooke's reduction of silver 
sulphide. The data of Stas are copied and reduced in the fol- 
lowing table. The atomic ratio used is 

216 
r = — = 0. 692 31 
312 

since Ag204S:=:312 gives Ag2=216. 



[Table 10.] 
REDUCTION OF SILVER SULPHATE TO SILVER. STAS. 



J^o. 


Absolute 
Sulphate. 


Weight, 
tiilver. 


Analytical 
Ratio. Excess (5th) 


Series I. 










1 


72. 137 


49.919 


0. 69200 


—31 


2 


60.251 


41.692 


197 


-34 


Ser. II. 










3 


81.023 


56.071 


204 


-27 


4 


83. 115 


57.523 


209 


—23 


Ser. III. 










5 


55.716 


38. 5595 


207 


—24 


6 


63. 922 


44. 2355 


202 


29 


Mean, 






203 


28 
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It will be noticed, that the analj'tical excess is negative in 
ivery instance, precisely as we expected. 

Combining the determinations of each series, made with 
c^viantities not greatly differing, we obtain the following table : 

Series. III. II. I. 

Sulphate, 60 66 80 

Excess, -26 -31 -25 

These numbers show the usual course. The negative excess is a 

« 
maximum for about 66 grammes of sulphate reduced, and di- 
minishes both for less and more of sulphate used. 

In order to compare this reaction to the synthesis of silver 
nitrate, we have calculated the analytical ratio sulphate : metal 
which has the atomic value 

312 
r = — = 1.444 444 
216 

while the analytical values and corresponding excesses are given 

below (in units of 5th place) 

No. 12 3 4 5 6 

Ratio, 508 514 500 490 493 503 

Excess, 64 70 56 46 49 60 

These values have been entered in Figure 1. The mean 
analytical excess is 57 and corresponds to 48 grammes of silver 
(ranging from 39 to 57 grammes). This mean is also shown in 
the center of the six-sided figure representing the six reductions 
individually. 

It will be noticed, that this mean falls exactly in the continu- 
ation towards the origin of the band bounded by the lines which 
mark the dried and fused silver nitrate. It is also readily un- 
derstood, that the deficiency in the amount of silver actually 
obtained in the reduction of the sulphate, here must appear as 
an excess of sulphate for the given fixed amount of silver. 

This is the proper place to consider the admirable series of 
reductions of silver sulphate made by H, Struve and reported 
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by Svanberg to the Swedish Academy in 1849 (Sebelien p. 154. 
The errors in the four ratios 2, 4, 5, 6, given by Sebelien, have 
been corrected, and were already noticed by Clarke, p. 30). 
Since Struve operated upon from 5 to 12 grammes a>f silver sul- 
phate only, the process could be much more easily controlled, 
exactly as in the admirable work of Cooke, which we shall soon 
consider. 

[Table 11.] 

Reduction of Silver Sulphate to Silver. H. Struve, 1849. 

Absolute We]p:ht. Analytical 

No. Sulphate. Silver. Batio. (Excess 5th). 

1 5.1860 3.5910 0.692 44 +13 

2 6.0543 4.1922 43 +12 

3 8. 6465 5. 9858 28 — 3 

4 11.6460 8.0608 15 —16 

5 9. 1090 6. 3045 12 —19 

6 9. 0669 6. 2778 -39 +8 
Mean, 30 — 1 

It will be noticed that the analytical excess is as many times 
negative as it is positive ; the mean is only minus one. That is 

Atomic ratio .0. 692 31 

Analytical ratio 30 

Analytical excess -1 

In other words, the reduction of silver sulphate by hydrogen, 
effected in 1849 by H. Struve, agrees exactly with the atomic 
ratio of the process. 

Though these values, differing but little in absolute weight of 
the sulphate taken, and oscillating around the atomic value, 
permit the taking of the arithmetical mean as shown aboveT^chey 
nevertheless plainly mark a systematic deviation, precisely in 
the direction in which we understand it to be produced by the 
chemical difficulties involved. Combining, as we usually do, the 
weights that are nearly equal, and taking the means, we obtain: 
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1,2 


3, 5, 6 


4 


5.5 


8.9 


11.6 


12.5 


90 

-0 


-16 


12.5 


-3.4 


-16.1 




obtained the calculated analytical excess by sub- 
1^ '^^'^^incLes the weight of sulphate used from the constant 
'^^^^^Bii.stants being determined by the first and last 
agreement of the calculated and observed value 
'^veight shows, that on the whole, there is a ten- 
the deviation as the weight operated upon 
that this diminution is nearly proportional to the 
''Vvithin the narrow limits of this series. The rate of 
11, of course, vary with the special conditions under 
Xa.lyst operates and was much smaller for Stas, than 
But the character of the excess — negative — is 
even for the larger ones of the small quantities 
by Struve ; and consequently the negative excess 
ly larger for the great quantities made use of by Stas. 
uredly, this series of Struve should no longer remain 
^^ the corresponding heavier work of Stas, in which 
'^^erturbations were considerably greater. 

Vive's work did give no support to the imaginings of 
Is School. Hence it was considered of no value. 

Section II. Synthesis of Binaries. 

^^ntheses of binary compounds of silver effected by Stas 
*-^ Silly considered second in importance only to his syn- 
^^ silver nitrate. We have represented all his determina- 
l>inaries in Fig. 3, the upper drawing of Plate II. The 
^^1 data are given below, together with the values obtained 
"^518, Marignac and Cooke. We will have to be as brief as 
^^ without omitting essential points. 

7 
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A. SYNTHESIS OF SILVER SULPHIDE. 



The syntheses of silver sulphide are generally effected hy the 
process first used by Berzelius for obtaining lead sulphide. Stss 
has varied the process by devising special means for removing a 
possible excess of sulphur ( Aronstein, p. 178) ; his final prodict 
was beautifully crystallized. Table 12 gives all the results ob- 
tained. Since S=32, the atomic ratio is 

[Table 12.] 
SYNTHESIS OF SILVER SULPHIDE. 



No. 
STAS. 


Absolute Weights. 
Silver. Sulphide. 


Analytical 
Ratio. Excess (6th). 


1 


59. 4225 


68. 2482 


1.148 


525 


377 


2 


105. 139 


119. 6078 




540 


392 


3 


191.9094 


220. 4158 




541 


393 


4a 


150. 000 


172.2765 




510 


362 


b 




.287 




578 


430 


ha 


249.076 


286.061 




489 


341 


b 


• 


.078 




556 


408 


DUMAS. 












6 


9.9393 


11.4123 


1.148 


200 


52 


7 


9.962 


11.4375 




114 


-38 


8 


30. 637 


35.183 




380 


232 


9 


30. 936 


35.522 




240 


92 


10 


30. 720 


35. 274 




241 


93 


COOKE. 












11 


abt. 1 gr. 


1. 1357 


1.148 


100 


-48 


12 


1.1266 


1.2936 




233 


+85 
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In the record of the determinations of Stas we find quite a 
uotable discrepancy for Nos; 4 and 5. The first three determi- 
nations show that the reductions to vacuum were effected by 
Stas at the rate of 0.017 milligrammes per granune of sulphide^ 
very nearly. The following table gives the correction applied 
by Stas and this value calculated at the rate just stated. 

No. 12 3 4 5 

Stas, 1.2 1.8 3.8 

Calc. 1.16 2.03 3.74 1.90 4.86 

Now Stas fails to give the apparent weight for Nos. 4 and 5, 
but instead states the weighing ** obtained in vacuo" (Aron- 
stein, p. 179). 

No. 
Reduced to vacuum, 
Obt. in vacuo, 
Difference, milligrammes, 
Calc. app. weight, 
Excess in vacuo, mgr. 

Applying the calculated correction to vacuum to the reduced 
weight given by Stas, we obtain the apparent weight above stated ; 
this gives an excess of si& times in No. 4 and almost three times 
in No. 5 of the proper correction. It is indeed strange, that the 
absolute weight of the silver sulphide formed in experiments 
Nos. 4 and 5 has been stated by Stas two times, differing by 10 
and 17 milligrammes! The calculated apparent weight will not 
explain matters either, as is plainly evident from the figures 
shown. This represents an increase of about 70 in the sixth 
place of the ratio, or seven units in the fifth place, which is from 
seven to ten times the differences from the mean for the three 
first determinations, and also ten times the probable error given 
by Clarke (1. c, p. 29) for the entire series of Stas. It is more 
than thirty times the value of the probable error of the first 
three determinations. 





4 




5 


172. 


2765 


286. 


.061 


172. 


,287 


286. 


.078 




10 




17 


172. 


,2746 


286. 


,056 




12 




22 



084060 



100 
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It is passing strauge that so large a discrepancy in the state- 
ments of the weights of the same thing under the same conditions 
but obtained in two different ways — should exist in the publici- 
tions of Stas, and have escaped the attention of his numerous 
recalculators and revising admirers. 

In our diagram, the unshaded circles mark this other state- 
ment of Stas ; both statements a and b have to be accepted by 
us as of equal weight, since Stas has, by the omission of the 
apparent weight, made it impossible for us to prefer either of 
these two values. 

These different expressions of the same fact show in what 
extraordinary manner the accuracy of the work of Stas has been 
overrated. 

While the values given b}' Stag as reduced weights, give the 
five points represented by black dots in our diagram, seemingly 
close to a straight line, a more careful inspection shows the 
cu ve plainly marked. The same is also quite evident if we, in 
the usual manner, combine the determinations made for nearly 
equal weights. 



No. 


1,2,4 


• 3 


5 


Mean weight, 


100 


200 


250 


Mean excess, 


377 


393 


341 



Here the maximum corresponds to the third determination, which 
exceeds the value for hundred grammes by 16, and that for 250 
grammes by 52, 

The determinations of Dumas correspond to 10 and 30 
grammes of silver, very nearl3^ We may therefore take the 
means, namely. 



No. 


6,7 


8, 9, 10 


Weight, 


10 gr. 


30 gr. 


Excess, 


45 


139 
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These means have been entered on the diagram, and distinguished 
by an outer circle. It is evident that the determinations of 
Dumas most marvellously supplement those of Stas by giving 
actual determinations for the field in which Stas had to resort to 
extrapolation. We notice that both the results of Stas and the 
everyway equally trustworthy data of Dumas, plainly mark the 
parabolic curve familiar to us from the syntheses of Stas re- 
viewed in the preceding section. 

We are even able to record two most important determina- 
tions for the low weight of one gramme of silver and the result 
shows unmistakably, that the parabolic curve of excess over 
weight passes through the origin. 

The determinations were made by Professor J. P. Cooke of 
Harvard, in 1877. They were not syntheses of silver sulphide, 
but the reductions of this compound by means of hydrogen gas. 
He made three series of determinations. 

"Highly concordant, and at the same time plainly erroneous, 
figures were obtained; the error being eventually traced to the 
fact, that some of the reduced silver, although not heated to its 
melting point, was actually volatilized and lost." (Clarke, 1. c, 
p. 29). 

Cooke accordingly made a second series at a low redness. 
The results are given below : 



Silver. 


Sulphide. 


Ratio. 


Excess. 


6. 5638 


7.5411 


1.148 


89 


74 


4. 3840 


5.0364 




82 


07 


2.2470 


2.5815 




86 


71 


2. 2743 


2.6130 




92 


77 


2. 2390 


2. 5724 




91 


76 


Mean, 3. 54 






88 


73 



Now this series is remarkably concordant. The differences 
of the ratio from the mean in the fifth place only 1, 6, 2, 4, 3, 
giving for the sum of the squares 66, which divided by the pro- 
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duct 20 of the number 5 of determinations into the next lower 
number 4, gives 3.3. The square root hereof is 1.83 and J 
thereof, or 1. 22, is the probable error.* The unit being the ^i 
place, this probable error of the ratio is 0. 000 012 only. 

Nevertheless, the mean 1. 14888 is much too high, the deter- 
minations being still subject to a constant error, recognized by 
Cooke in the temperature being too high. Accordingly he made 
a new series of determinations at the lowest possible temperature. 
* 'below a visible red heat," and obtained the values given in 
Table 12 under numbers 11 and 12. 

These two determinations give, for the mean weight of one 
gramme of silver, the mean analytical ratio 1. 148 166 which is 
only 0. 000 018 in excess of the atomic ratio. That is, the ana- 
lytical excess is less than two units in the fifth place. 

The analytical excess of silver sulphide as function of the 
weight of pure silver used forms, accordingly, a parabolic curve, 
passing from the origin (silver and excess both zero) above the 
axis (excess positive), reaching its greatest heigh th of about 40 
units of the fifth place for 200 grammes of silver used. 

B.-^YNTHESIS OF SILVER CHLORIDE. 

Stas made only three genuine syntheses of silver chloride 
from the elements (Nos. 1-3 in Table 13 below) ; in the other 
cases (Nos. 4-7) he prepared the silver chloride in the wet way, 
by dissolving the silver in nitric acid and precipitating the solu- 
tion with a volatile chloride, evaporating to dryness and weighing. 
We have also two actual syntheses by Dumas (Nos. 21, 22), 
while we have no details concerning the processes used by 
Marignac (Nos. 11-15). The numerical results are presented in 
the usual form in Table 13. — For C 1=35. 5, the atomic ratio is 

143.5 

r z= = 1. 328 704 

108 



* This is all there is to that method of calculation. It is simple enough. No- 
J^^ere in this calculation is any agent visible that makes good results out of 
oaa or)servations or RxnArimoTitc 



oaa observations or experiments. 
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[Table 13.] 
SYNTHESIS OF SILVER CHLORIDE. 



No. 


Absolute Weights. 
Silver. Chloride. 


Analytical 
Ratio. Excess 


(6th). 


STAS. 








b 


a 


I. 1 


91.462 


121.4993 


1.328 413 


-291 


-220 


2 


68. 8674 


92.8145 


4^8 


266 


90 


3 


101.519 


134.861 


4^1 


273 


110 


IL 4 


108.549 


144. 207 


497 


207 







399.651 


530. 920 


459 


245 




6 


99. 9925 


132. 8382 


482 


222 




7 


98. 3140 


130. 602 


417 


287 




MARIGNAC. 










11 


79.853 


106. 080 


1.328 441 


-263 




12 


69. 905 


92. 864 


432 


272 




13 


64. 905 


86.210 


249 


455 




14 


92. 362 


122. 693 


365 


339 




15 


99. 653 


132. 383 


440 


264 




DUMAR. 












21 


9.954 


13.227 


1. 328 813 


+109 




22 


19.976 


26. 542 


695 


- 9 





The curve, Figure 3, Plate II, represents all data fairly 
equally well. The mean of Dumas is about 5 units of the fifth 
place above the axis, and the farthest point (5), determined by 
Stas with 400 grammes of silver, determines the dotted part of 
the curve. The determinations of Marignac (black circles) cover 
the same portion of the curve determined by Stas (open circles), 
and the deviations are not material. 
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Within the legitimate precision of the data, the parabolie 
curve drawn represents all the analyses equally well, whether 
they were made by Marignac, by Dumas or by Stas. We see 
that a thorough, unbiased examination, completely removes the 
invidious distinctions made by Stas and his school ; for it is plain 
that each one determined his portion of the entire curve with 
approximately the same degree of precision. 

The direct syntheses of Stas (Nos. 1, 2, 3) appear twice b 
the table and on the diagram. Stas first weighed the chloride 
that had been fused in a current of dry chlorine gas (a) ; after 
that he exposed (1) to a current of air and the others (2, 3) to 
a current of carbon dioxide. The results are distinguished by 
the letters a and b. Only values (b) have been accepted by Van 
der Plaats and others. 

It will be recognized at once that the three points (b) are j 
much more ** concordant * ' than the directly determined points 
(a). Both sets representing the same experiments, how did 
Stas succeed in harmonizing* the three discordant results? 

By turning to the original data (Aronstein, p. 172 — 173) we 
see that Stas accomplished this remarkable feat in the simplest 
manner possible. Since the two points 2a and 3a are concor- 
dant, he subjected the determinations 2 and 3 to the same treat- 
ment exactly ; he displaced the chlorine atmosphere by a current 
of dry carbonic acid, which removed, on the average, 0.128 mil- 
ligrarames per gramme of the chloride fused in chlorine. But 
the lower value (la) he diminishes by less than half that amount, 
namely, ])y 0.053 mgr. per gramme only — that being the loss 
sustained in a current of air. 

This rather startling revelation is nothing but the direct ex- 
pression of the following weights of the fused silver chloride 
given by StfH himself (Aronstein, p. 173) : 

♦The vT(fhnhW vrrnr of the directly observed values a is 27 In the sixth place; 
for the "forrfrff'd" viilufM b the probable error is only 6. 
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ZNo. 12 3 

Hn Chlorine, 121.5058 92.8273 134.877 

J[n other gas, 121.4993 92.8145 134.861 

Xoss, milligrammes, 6. 5 12. 8 16. 

Xoss, per gramme, 0. 053 0. 138 0. 118 

I confess, I was quite (surprised that the many able^en, who 
have critically recalculated the determinations of Stas, and de- 
Glared in most emphatic language their admiration for the mar- 
vellous accuracy of Stas, have left so useful and simple a method 
without special recognition. 

This process really is most admirable. I will therefore try 
to present it in simple language for general consideration. 

If, in a series of determinations, the results are discordant, 
consisting of several groups of conflicting values, the most ad- 
mirable concordance will be readily established, by suitably 
selecting such methods of chemical or physical correction, that 
the smaller values are made to lose less, while the greater values 
are subjected to a correspondingly greater loss. The final cor- 
rected {I) results, will present a fine appearance in numerical 
column, and yield exceedingly minute probable errors by the 
.method of the least squares, while in graphical representation, the 
points determined will arrange themselves in an almost straight 
line, parallel to the line of weights taken as abscissae. 

As such methods, actually used by Stas, we have here the 
suitable change of gas in which the chloride is fused ; it will be 
remembered that in the case of 405 grammes of silver, converted 
into nitrate, he selected a proper barometer reading in his re- 
duction to vacuum, something like 54 inches ; while in the syn- 
thesis of silver sulphide, he gave two different absolute weights 
for the identical portion of sulphide (Nos. 4 and 5). 

It is really too bad that Professors Ostwald and Van der 
Plaats have failed to notice these methods which have contributed 
to the marvellous concordance which they admire in the results 
obtained by Stas. 
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C— SYNTHESIS OF SILVER BROMIDE. 

We have five syntheses of silver bromide by Stas, and 
by Marignac. The last four of Stas were complete syntl 
The results corresponding to the sum of the constituents 
tire represented in the table under the letter B, and in the 
gram by the open triangles. It is generally admitted that 
^^ complete" syntheses have no special chemical value, 
diagram confirms this opinion. 

For Br=80, the atomic ratio is 

188 
r = — = 1. 740 740 
108 

[Table 14.] 
SYNTHESIS OF SILVER BROMIDE. 



:n^o. 




Absolute 
Silver. 


Weights. 
Bromide. 


Analytical. 
Ratio. Excel 


STAS. 














1 




53. 1958 


92. 6042 


1.740 


817 


+77 


2 




51.3436 


89. 3780 




782 


42 


3 




55.0615 


95. 8505 




790 


50 


4 




55. 8040 


97.1450 




825 


85 


5 




48. 3620 


84. 1904 




838 


98 


Mean, 


2-5 


52.6 

> 






809 


69 


MARIGNAC. 










11 




25.00 


43.518 




720 


20 


12 




20.12 


35. 020 




556 


—184 


13 




15.00 


26. 110 




666 


74 


Mean, 




20 






647 


— 93 



We really have only one point determined b}' Stas, wh 
69 millionths above for 52 grammes of silver. Marignac, 1 

average of 20 grammes of silver, found the point 93 milli 
below. 
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If we were to give equal weight to both analysts — which in 
this ease would be unfair towards Stas, whose details we possess, 
while those of Marignac are not given in the works at hand — we 
would obtain, for about 36 grammes of silver, a point having the 
atomic excess — 24, that is 24 millionths below the axis of ab- 
scissae. 

Ptuctically, the parabolic curve for Silver Bromide coincides 
with the axis of abscissae for the short distance for which we 
have any determinations. 

But, for the reason stated, giving to Stas determinations in 
this case the greatest weight, we may conclude that the line 
representing the atomic excess of silver bromide is a parabolic 
curve above and very near the axis of abscissae. 



D.— SYNTHESIS OF SILVER IODIDE. 



For Io=127, the atomic ratio Iodide to Silver is 

235 
r = — = 2. 175 926 
108 

The results obtained by Marignac (Clarke, p. 25) seem to be 
so discordant that we may omit them. The determinations of 
Stas corresponding to the sum taken in his "complete" syntheses 
are entered under B in the table, and are the upper points in the 
diagram. The curve shows a marked tendency towards the axis 
for moderate weights of silver ; we might express this by saying 

that the range for Iodine is short. 

« 

If the atoms of sulphur, chlprine and iodine were used as 
projectiles, for the same amount of powder, the range of Io=127 
would be expected to be much less than the range of a projectile 
weighing only about one fourth as much (S=32, Cl=35.5). 
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[Table 15.] 
SYNTHESIS OF SILVER IODIDE. STAS. 



ro. 


Absolute Weights. 
Silver. Iodide. 


Analytical 
Ratio. 


ElLcess. 
B. 

-629 


1 


97.5915 


212.2905 


2.175 


297 


2 


43. 5281 


94. 6894 




362 


562 


3 


27. 6092 


60. 086 




271 


655 553 


4 


39.8223 


86. 6653 




306 


620 534 





24. 4532 
38. 0620 






383 


560 


6 


82. 8375 


543 493 


7 


136.2952 


296. 6240 




385 


541 497 


8 


82.3235 


179. 1590 




294 


632 639 



Section III. The Dissociation of the Chlorates. 



Our old master Berzelius made use of the dissociation of 
potassium chlorate for the purpose of connecting the atomic 
weights of the chlorides with that of oxygen. His experimental 
determinations have, for a long time, been superseded by more 
recent ones ; not because the results of Berzelius were less ac- 
curate than the modern ones, but simply because, in the absence 
of impartial criticism, fashion dominates in this branch of chem- 
iHtry during the reign of the school of empirics. As a matter of 
fact, Berzelius found in 1826, that potassium chlorate left 60.851 
per cent when heated till constant weight; forty years later, 
StaH found 60. 843, or only 0. 008 per cent less than Berzelius. 
In the main, Stas did not come nearer the truth than did 
Berzelius, as we shall see. 

The theory upon which Berzelius introduced this process is 
simple enough, and the school of Stas has not corrected a single 
point thereof. 
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The formula of potassium chlorate is KaOsCl; when heated, 
it is said to lose all its oxygen, and to be reduced to potassium 
chloride, KaCL Now, taking oxygen as the basis, say 16 ex- 
actly, chemists putting the analytical ratio 

Chloride Residue 

Chlorate Substance 

assume the atomic weight of Chlorate =Chloride+48 and hence 
get the atomic weight 

KaCl = 48 * 



1— a 

Having determined the analytical ratio of the dissociation, a 
very simple calculation would give the atomic weight of potassium 
chloride. Stas and his school have made this incidental process 
of Berzelius the basis of their entire system. 

We may commend Berzelius for proposing and using this 
method, for he did pioneer work in this field of science, and 
never made this particular process a hobby ; he remained stead- 
fast in the practice of the simple processes, involving binaries 
mainly. 

But by Stas and his school, this process has been made the 
corner stone of their entire system of atomic weights. The 
atomic weights in use to-day, all depend upon this reaction. 

Now, at first sight, such a reaction is objectionable. It is 
too complex. We know, as a matter of fact, that potassium 
chlorate does not decompose in that manner exclusively. All 
know that perchlorate forms first ; also that free chlorine escapes, 
and that some potassium oxide remains.* Besides, the reaction 
is almost explosive. 

As to the calculation above indicated, it is therefore only an 
approximation. I have taken the trouble to indicate some of the 
most glaring errors in the calculation of the school of Stasf ; but 

♦Van der Plaats, 1. c, P- 509, states some of these facts; but that does not 
disturb him in his course. 

+ 0.R., T. 117, p. 327; 1893 
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it is not worth while to enter upon details of that sort here, 
where it will be our business to examine critically experimental 
data only. If such examination shows that this process cannot 
give a value of precision for the atomic weight of potassimn 
chloride, it is manifestly unprofitable to spend further time upon 
the method of calculation in common use. 

We shall find by such examination, that this analytical ratio 
is not a constant, but varies very considerably with the amount 
of chlorate operated upon, and varies at a somewhat different 
rate according to the special conditions under which the dissoci- 
ation takes place. But if the analytical ratio is a variable, the 
resulting atomic weight of potassium chloride will vary accor- 
dingly ; that is, the atoms will weigh more or less according to 
the amount of matter taken ! 

While Stas made the dissociation of potassium chlorate the 
connecting link for all his atomic weights, he tried to make his 
method irresistible by combining this reaction with the corres- 
ponding dissociation of the bromate and iodate— especially those 
of silver. Thus, apparently different processes were used, to 
secure checks against constant errors. But the entire manner 
of procedure was irrational. The processes were, chemically, 
essentially identical, thus affording no check; they were alto- 
gether too complex to be suitable for fundamental determinations. 
The only positive result we are able to obtain from this mass of 
data, will be another demonstration of the general principle 
already sufficiently established, namely, that these analyticsl 
ratios are definite functions of the amount of matter operated 
upon. 

We shall now, briefly consider, first the older and most 
common dissociation of potassium chlorate, and thereafter the 
dissociation of the corresponding silver salts. 



Potassium Chlorate. Ill 



A. THE DISSOCIATION OF POTASSIUM CHLORATE. 



For the common atomic weights Ka=39 and Cl=35. 5 we 
have, oxygen being taken as 16 exactly, the atomic weight of 
potassium clilorate 122. 5 and potassium chloride 74. 5 ; hence 
the atomic ratio for the dissociation is 



74.5 

r = = 0. 608 163 

122. 5 



Subtracting this ratio from the analytical ratio, we obtain the 
analytical excess, as before. 

We have, also in this case, carefully compared the authorities. 
Clarke gives again only ratios, no weighings. The results of 
Stas are taken from Aronstein, p. 249 and Van der Plaats p. 510. 
I have, of course, restored the original determination ; what is 
called oxygen by these authorities, is simply the loss in weight 
of the chlorate. Hence the weight of chloride or residue is 
restored by subtracting this '*los8" from the weight of chlorate 
taken. 

The data of the experiments of Berzelius and Marignac we 
take from Sebelien (p. 71 and 77). For Nos. 7 and 9 the 
weighings give a different ratio from the one stated by Sebelien. 
Now, since the ratios given by Sebelien agree with those given 
by Clarke (p. 11), who claims to have revised all, it is proper to 
accept the ratio as correct. 

In Stas results, Aronstein p. 249, the weight of the oxygen in 
No. 13 by a misleading misprint is one entire gramme in error. 

The data obtained by Berzelius in 1826, by Marignac in 1842 
and by Stas in 1860 are given in the following table : 
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[Table 16.] 
DISSOCIATION OF POTASSIUM CHLORATE. 



No. 


Absolute Weights. 
Chlorate. Chloride. 


Analytical 
Ratio. 


BERZELIUS, 1826. 


Dry Way. 




1 


10 to 






0.608 54 


2 


15 







50 


3 


grammes 







50 


4 




Dry 




51 


MARIGNAC, 1842. 


Way. 




5 


46. 850 




28. 506 


0.608 451 


6 


32. 590 




19.826 


350 


7 


37. 554 




22.839(?) 


330 


8 


73. 733 




44. 862 


439 


9 


68.640 




38.718(?) 


390 


10 


64. 690 




39.357 


394 


ST AS, 


1860. Dry ^^ 


^ay. 






Jl 


69.873 




42. 5094 


0.608 381 


J2 


82. 126 




49. 9648 


406 


j;5 


86.501 




52. 6305 


437 


J4 


132. 923 




80. 880 


472 


1.0 


127.2125 




77. 4023 


449 


»STAH, 


1860. Wet Way. 






Ui 


59. 727 




36. 344 


0.608 502 


17 


95.7975 




58. 2955 


529 


1« 


147.318 




89. 634 


439 



Exc 



Tlie 8ini[>le consideration of the numerical data of Table 
show timt none of these analytical ratios are independent of 
a,iJiouut of ciilorate used. By combining the experiments 
which nearly the same weight of chlorate was employed, 
obtain the following results. 
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MARIGNAC, No. 


6,7 


5 


8, 9, 10 


Weight used, 


35 


47 


69 


Analyt. excess, 


177 


288 


245 


STAS, dry No. 


11 


12, 13 


14, 15 


Weight, 


70 


84: 


130 


Excess, 


218 


260 


297 


STAS, wet— No. 


16 


17 


18 


Weight, 


60 


96 


148 


Excess, 


339 


366 


276 



More strikingly this is shown by Figure 4, the lower diagram 
of Plate II, which will be readily understood. In this, the ex- 
periments of Marignac and Stas in the dry way might have been 
represented by one single curve ; but since the conditions were 
somewhat different, we have represented each set by its own 
curve. The mean of each series has also, been represented by a 
double mark. 

The wet way process is represented by a curve quite distinct 
from that representing the dry way determination of Stas. For 
the latter, the maximum occurs at about 150 grammes, while the 
wet way process gives its greatest excess for 100 grammes 
already. In other words, the range of the parabolic curve for 
the dry way is greater than for the wet wa}', though the latter 
shows a greater angle of elevation. 

The determination of Penny (1839) made in the wet way, fall 
exactly into line with those made by Stas twenty years later. 

The records furnish the following additional determinations 
made by other chemists. 



8 



114 



Critical Examination of Stas. 





[Table 17.; 


DISSOCIATION OF POTASSIUM CHLORATE. 


Analytical 
Ratio. 


Excess. 


Analytical 
Ratio. Excess. 


PENNY, 1839, Wet W 


ay. 


GERHARDT, 1845. Dry Way. 


0.608 25 


9 


I. Series, 0. 608 71 55 


22 


6 


81 65 


15 


-1 


75 59 


20 


4 


II. Series, 0. 609 47 131 


23 


7 


47 131 


30 


14 


52 136 


PELOUZE, 1842. Dry Way. 


MAUMENfi, 1846. Dry Way 


0.608 43 


27 


6.607 88 -28 


57 


41 


. 90 -26 


30 


14 


93 -23 
91 -25 
85 -31 
95 -21 
95 -21 



It is very instructive to notice that while Gerhardt's first 
series showed an excess about double that of the best determin- 
ations, it jumped to five times that value when he increased the 
complexity of his apparatus with a view to obtaining more ac- 
curate values. The same thing happened to Ditmar when trying 
to diminish reputed errors of Dumas in that way. 

Maumene made special efforts to avoid getting values that 
were too high — and succeeded admirably, by dropping out in the 
opposite direction. Thus we have, in units of fifth place, 

Marignac, mean 23 

Maumene, mean -25 

Mean of both - 1 

This would practically bring us the atomic ratio exactly. 
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it we no not like this popular method of determining funda- 
intal data by discordant means of concordant determinations. 
It is quite apparent, that the dissociation of potassium chlor- 
I, for the puqjose of the determination of atomic weights, has 
extended history. 
The following table presents this remarkable history in the 
^^implest possible manner, by giving the leading data in chrono- 
logical order. 

Mean Values. Probable 



Chemist. 


Year. 


No. 


Weight. 


Excess. 


Error. 


Way. 


Berzelius, 


1826 


4 


12.5 


35 


0.6 


Dry. 


Penny, 


1839 


6 





6 


1.4 


Wet. 


Marignac, 


1842 


6 


54 


23 


1.3 


Dry. 


Pelouze, 


1843 


3 




27 


5.3 


Dry. 


Gerhardt. 


1845 


3 




60 


2.0 


Dry. 


Gerhardt, 


1845 


3 




183 


l.l 


Dry. 


Maumen^, 


1846 


7 


27 


-25 


0.9 


Dry. 


Stas, 


1860 


5 


100 


26.5 


1.2 


Dry. 


Stas, 


1860 


3 


100 


33 


1.7 


Wet. 



The least average weight of chlorate used in one determi- 
nation was 5 grammes, by Penny ; Stas with 100 grammes, aver- 
aged the highest — in weight used. 

As to analytical excess found, Maumen^ averaged as high 
negative as Stas, Marignac and Pelouze on the other side — all 
in the dry way. 

Stas, in the wet way, found almost as high an excess as Ber- 
zelius in the dry way — in the first determinations ever made. 

The column of "probable error *' is particularly instructive, 
especially for those who may yet have an idea that possibly this 
quantity is of some slight value to judge the chemical importance 
of the mean found. In order that we may not be blamed for 
having selected or in some way produced the probable errors 
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here stated to illustrate the absurdity thereof, we will add thsi 
the numbers are simply copied from Clarke (1. c, p. 13). 

The ouly values exceeding 2 are those of Pelouze and Ger- 
hardt, I. Series. We will admit that a simple inspection of the 
individual numbers of Table 17 would also tell us that much. 

Next, the smallest probable errors belong to the determina- 
tions of Berzelius and of Maumen^. The former, being the firs) 
attempt made, are admittedly too high; the latter is the only 
series giving negative values of the excess — and all chemists 
have unisono condemned this work of Maumen^. 

All the other *' probable errors *' range from 1.1 to 1.7 units 
in the fifth place. The smallest, 1.1, marks that most outrageous 
2nd series of Gerhardt, the most absurdly out of the way of 
all attempts made. The probable error of Stas in the dry way 
(1.2) comes next to this work of Gerhardt, and is siicceeded by 
that of Marignac (1.3). 

In the wet way the work of Penny shows a smaller probable 
error (1.4) than that of Stas (1.7). 

It would indeed seem that this series of probable errors had 
been especially manufactured to show the utter chemical absur- 
dity of the whole method of the least squares, as applied by 
Clarke, Ostwald, and Van der Plaats, and that a little less show 
of mathematical learning, would have been particularly desirable 
in the treatment of this question of Chemistry. 

The large number of determinations made by several chem- 
ists gives us a chance to examine the general influence of quan- 
tity on accuracy in this kind of work. We have referred to the • 
examination of Ostwald (see p. 30), who from Stas' determina- 
tions, tested by the methods of the least squares, arrives at the 
conclusion, that the precision of the results increases with the 
amount operated upon. Since, however, the least squares have 
been shown to be not legitimately at home in Chemistry, the 
resulting probable errors being not only useless but absurdly 
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inisleadiDg, the conclusion of Ostwald has nothing to rest upon, 
and we may consider the question entirely open. 

As to material, we have four series of precision, namely the 
two of Stas, and the one each of Penny and Marignac. These 
four series divide themselves into two equal groups according to 
the method used, namely two series of wet way determinations 
(Penny and Stas) and as many series of dry way determinations 
(Marignac and Stas). 

The data given, in Tables 16 and 17, have been represented 
in Figure 5 as function of the mean weight of the material used ; 




Granvrrves ot s^ 



CompounxL boLKert: 



Fig. 5. 

that is, the abscissa represents the mean weight used, namely 5 
grammes in the determinations of Penny, 54 grammes in those 
of Marignac, and 100 grammes as the mean weight of potassium 
chlorate employed by Stas in each one of his determinations. In 
the diagram, each individual result obtained is represented by a 
■circle (wet way) or an equally large black dot (dry way) ; also 
the means have been marked by an extra outer circle. The 
ordinate is the analytical excess found in each determination, 
represented by units in the fifth place, as usual. 

It is evident, that the dry way determinations mark a para- 
bolic curve, and that the wet way determinations fall on a like 
curve with a somewhat greater elevation at the origin. 

This diagram shows plainly, that the use of greater quantities 
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is a positiye disadvantage, for the analytical excess increases 
with the amount used. We have continually met with this fact, 
but here have an opportunity of presenting it without disturbing 
details. 

We also notice that the range of the individual determination 
in the case of Stas is but a trifle less than in that of his predeces- 
sors. Though the absolute range for the early determinatioDS of 
Penny is rather larger than that of the pretentious work of Stas, 
it is marked by only one case at each extremity, while the balk 
of the determinations of Penny fall close to the mean. 

Surely, the use of large quantities carries us necessarily away 
from the truth we are seeking to find. The entire plan of re- 
search, mapped out by Stas, was a stupendous blunder. Stas 
has led chemists into a desert and kept them aimlessly wandering 
about therein for nearly forty years. 

The first determinations, those of Berzelius, cannot be com- 
pared in this connection ; they may be utilized, however, in a 
final historic retrospect. The analytical excess in the dry way 
is, according to the determinations of Berzelius of 1826, equal 
to 35 ; it reached its lowest point in 1842 when Marignac's re- 
searches brought it down to 23 ; the work of Stas ran it up to 
26. 5 again. In the wet way, Penny came nearest to the atomic 
ratio, his mean exceeding it by six hundred thousandths only. 
Stas, on account of the lai-ge masses operated upon, gave the 
highest value, 33, five times the departure of Penny's determin- 
ations. 



B. DISSOCIATION OF SILVER SALTS. 

Stas prepared the chlorate, bromate and iodate of silver, and 
subjected them to the Berzelian operation for the purpose of 
cheeking the work on potassium chlorate for chlorine, and to 
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furnish corresponding equations for the determination of the 
atomic weight of bromine and iodine. The dissociation would 
give the atomic weight of the binary compound left, and a de- 
termination in the wet way gave its relation to silver ; from these 
two, a simple algebraic elimination gave each atomic weight 
separately. As we have been compelled to give a good deal of 
critical detail on the important syntheses of Stas, we may be ex- 
cused to omit a detailed consideration of the many hypotheses 
involved in the use of this apparently simple mathematical de- 
termination of atomic weights. Even those chemists who may 
think that the numerous flaws of this universally admired process 
of Stas ought to be shown up in detail — if they really exist — must 
be satisfied by a reference to the next section, wherein they will 
see that even if there were no magnificent flaws in this process 
of elimination, the wet way determinations used are absolutely 
without chemical value. It cannot be expected that I should 
show up in full detail all the curious errors in fact, in chemical 
processes and in conclusion, that combined have brought error 
and confusion into the highest branch of chemical science ; I 
have limited this exposition of my critical examination to the 
most essential points, which necessarily decide the entire question 
at issue. 

For the determination of the analytical excess, we need the 
atomic ratio. The common atomic weights being Br 80, lo 127, 
the atomic ratios for these silver salts are 



Chloride 143. 5 _ q ^^^ ^^^ 



Chlorate 


191.5 


Bromide 


188 


Bromate 


236 


Iodide 


235 



= 0. 796 610 



= 0. 830 389 
lodate 283 
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The numerical data of the determinatioDS are given in Table 18. 
in the usual order. 

[Table 18.] 
SILVER CHLORATE. 



No. 


Absolute Weights. 
Chlorate. Chloride. 


Analytical 
Ratio. 


Excess. 


19 


138. 7890 103. 9795 


0.749 191 


156 


20 


259. 5287 194. 4435 


218 


—129 



SILVER BROMATE. 

Bromate. Bromide. 



21 


86. 5457 


68. 9310 


0.796 


469 


—141 


22 


101. 9875 
lodate. 


81.2361 

SILVER lODATE 

Iodide. 


» 


530 


80 


23 


98.2681 


81. 5880 


0.830 


259 


130 


24 


156. 7859 


130. 1755 




276 


—113 


25 


76.5561 


63. 5600 




241 


148 



The graphical representation is given in Figure 4 of Plate II. 
For the silver chlorate we have only two points, indicating the 
descending branch of the usual parabolic curve. The only two 
j)oints on the bromate curve seem to mark the highest point in 
the same. For the iodate, we have three points, determining 
the parabolic curve ver}^ well. 

Though but few points in these trajectories are determined, 
it is quite apparent, that the elevation of all is much less than 
that for the corresponding curves for potassium chlorate, while 
the range — in the sense of the flight of a projectile — is greater. 
This is directly connected with the greater fixety of silver (108) 
than potassium (39). For the same metal, the iodate shows 
shorter range than the chlorate, as in the corresponding synthesis 
of th<' binaries. 
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Section IV. Volumetric Atomic Weights. 

This title is an intentional absurdity. It fitly designates the 
method, introduced by Pelouze, used by Dumas, made prominent 
by Stas, and developed by a young ameriean chemist so ad- 
mirably that he happily can declare it ** hopelessly troublesome.'' 
The method is condemned by the famous rule of Berzelius, 
(p. 16, supra) ; for in this process, the skill of the chemist is 
everything, the scientific principle nothing, exactly as in the feat 
of the rope dancer : the skill of the artist is everything, scientific 
mechanics nothing. This method also conflicts with my own 
first rule, (pp. 71 — 72), that we must possess the exact weight 
of the body in question ; for in this process we know not even 
what body really is present, what it is that has been weighed — 
not in simple, tanfi;ible form, but as it were, by implication. 

We may admire the skillful cook who prepares the excellent 
soup — but the chemical laws involved in his art are too deep for 
science. So it is with the Consomme Pelouze^ improved by Stas 
and brought to the highest possible perfection by Richards. 

Having neither time, nor space, to waste on such a thing, let 
us simply look at it historically. 

Stas published twenty-one determinations of this kind in 1860 ; 
wonderfully concordant results were obtained for the ratio be- 
tween silver and potassium chloride (Aronstein pp. 256-257). 
These identical determinations form the second link in the chain 
of Ostwald's calculations (1. c, p. 32), the first being the disso- 
ciation of potassium chlorate (see p. 43, supra). He gets a 
''probable error" of only 0.0003, that is three ten thousandths 
on the atomic weight of silver, or less than 3 millionths per unit! 
Wonderful, admirable is the accuracy of the work of Stas and 
great is the chemico-mathematical skill at the University of 
Leipzig ! It is really cruel to disturb these dreams of the cory- 
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phees of chemistry of the school of Stas — by calling them back 
from their flights of fancy to the laws and facts of "experiment, 
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Fig. 6. 

measure and calculation.*' — In Figure 6^ the results of the first 
9 determinations in question are represented; for 9, four cases, 
a, b, c, d, are given. The vertical scale of the diagram is large, 
the oscillation of the dots small — thus beautifully representing 
the wondrous concordance of the determination of Stas, that 
has hypnotized modern chemists for over thirty years. 

While the chemical world was wrapt in admiration of these 
results, the annals of chemistry contained already an antidote in 
the researches of G. J, Mulder on the assay of silver, published 
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at Rottersdam in 1857. Now Stas was chemist of the mint at. 
Brussels, and ought to have been well posted on this important 
work in his special line, issued in his immediate neighborhood. 
However, it was not till 1872 and 1874 that Stas studied this 
subject carefully. In his first paper of 1860 he had only in a 
general way referred to this matter at the close (Aronstein p. 59) 
as a constant error of small moment. Now, in 1872, he recog- 
nizes the fact that silver chloride, whether in pulverulent or curdy 
state, is markedly soluble in water, up to 13 milligrammes per 
liter ; but that it is completely precipitated by an amount of a 
soluble chloride three times that which is dissolved. See Van 
der Plaats, (1. c, p. 511). Also, Richards, Zeitschrift anorg. 
Chem., VI., p. 105; 1894. 

Accordingly, Van der Plaats* has, in 1886, completely disre- 
garded the entire series of 21 determinations which, however, 
continue to form the basis of the atomic weights of Oswald in 
1891. Stas himself, in 1882, has given to the world a few new 
determinations, which are taken by Van der Plaats (1. c, p. 513) 
instead of the discarded determinations of 1860 which still hold. 
Ostwald spellbound. 

The total number of these few determinations — Stas 1882 
against Stas 1860 — is four, in two pairs, made according to two 
different methods. 

The two determinations according to the first method were 
made with almost identical amounts of matter, and hence gave 



* It is funny to notice some of his involuntary expressions of perplexity,. 
(1. c, p. 612;: 

" I cannot conceive why the ratio found in 1860 or 1865 has always been helow 
that of 1882, nor why the difference reaches 3 ten-thousandths for potassium 
chloride and is almost zero for the chlorides of sodium and ammonium. How- 
ever that be, the determinations of 1882 are the most exact and the only ones I' 
have admitted in my calculations." 

Now this inconceivable discrepancy is one-third of a thousand —not a small, 
matter. So he throws the "admirable work" of 1860 and 1865 overboard, and 
relies on the couple of much "more admirable " determinations of 1882. 
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almost identical results ; we will give the means only (Van dei 
Plaats, 1. e., p. 513). 

The amount or potassium chloride used is 7.07778 to the 
hundredth of a milligram — very fine, indeed. The amoant of 
silver equivalent hereto was found by the process : 

At the salt limit, 10. 23040 grammes. 

At the silver limit, 10. 24940 grammes. 

Showing a difference of 0. 01900 grammes. 

which amounts to almost exactly two milligrammes per gramme 
of silver ; that is^ an error of one in a thousand, A very dif- 
fferent rate from 3 in a million above stated by Ostwald. 

The analytical ratio, that is the amount of chloride per unit 
of silver, is therefore : 

At the salt limit*, 0. 691 838 5 

At the silver limit, 0. 690 556 

Difference, 0.001 282 5 

These two limits are entered on Figure 6. The "salt limit" 
is the point at which the silver precipitation is apparently com- 
pleted. But if now the amount of chloride used (0.692 nearly 
per unit of silver) were actually combined with the silver origin- 
ally in solution, then the addition of a few drops of silver solution 
could not produce a precipitate ; but in fact, precipitation is pro- 
duced, and silver solution may be added till the "silver limit*' 
is reached — so that about 0.691 of chloride would be equivalent 
to a unit of silver. But this is false also for upon adding chlor- 
ide, a precipitation again occurs till the salt limit is reached. 
This see-saw can be repeated indefinitely.! 

As a plain matter of fact, this reaction in the wet way involves 
an uncertainty of fully one-tenth of one per cent ; and at no time 



* Van der Plaats gives ihu^ seven digits! He is very exact — in form. 
t But in varying absolute amounts, see Richards, Zeltschr. anorg. Chemie 
VI. p. 118; 1894. ^ 
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in that big belt of uncertainty between the silver and salt limit, 
liave we any positive knowledge of what chemicals we really do 
laave in that pot of soup. In fact, our advanced modern chem- 
ical theorists, amongst whom Ostwald is recognized as a bold and 
brilliant leader, hold that, in the presence of water, all com- 
pounds are partially decomposed into their constituents, which 
they call the ions. Accordingly this Consomme- Pelouze con- 
tains ions of silver, ions of chlorine, ions of potassium, also 
potassium chloride and some silver chloride in solution, as well 
as a large amount of silver chloride in solid form. Now, who 
can tell exactly what this is ? 

Stas and his followers declare that the mean between these 
limits is, of course^ the exact point. See the figure. They then 
calculate that mean, with their customary precision — Van der 
Plaats obtains as '* terme moyen '* or 

Mean 0.691 197 2 

This calculation is correct, to the seventh place, or the ten- 
millionth part ; this figuring is perfectly exact, as anyone can 
readily ascertain by figuring it over. The figures do not lie — 
they cannot do that. 

But when Van der Plaats, or Stas, or any other chemist, 
asserts that these figures represent the analytical ratio between 
silver and potassium chloride in a chemical sense or that one 
gramme of silver requires the chlorine of 691,1972 milli- 
grammes of potassium chloride to beco^ne completely converted 
into silver chloride — then they simply make an assertion about 
the truth or falsity of which they give no experimental scientific 
demonstration whatsoever. A careful chemical examination shows 
that their statement is entirely false in every particular, and that 
it is so according to their own experimental data. 

For the determiniation of the solubility of silver chloride by 
Stas would seem to prove, that the " salt limit " contains an ex- 
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cess of potassium chloride exactly three times the equivalent 
amount of the silver chloride soluble in the bulk of water used ; 
iience that we should take the point marked '^ base " on the dia- 
gram, to represent the condition of this liquid or ''chloride-ion" 
soup, in which the entire amount of silver present is actually in 
-the solid form as silver chloride. In other words, that this ex- 
cess, from the base to the salt limit, represents the army of po- 
tassium chloride atoms and ions necessary to keep the silver 
'Chloride entirely out of the soup — and in the solid form only. 

Now this base point is almost identical with the point marking 
the atomic ratio ; for Ka=39 gives the ratio 

Potass. Chloride 74. 5 

= = 0. 689 815 

Silver 108 

^hile the determinations of the two chemical phases or points by 
Stas gives — for six decimals only — 

Salt limit 0.691 839 

Silver limit 0.690 556 

Difference 0.001 283 

Half difference 0.000 641 5 

3 times half difference, or excess 0.001 925 

Hence, 

Salt limit 0. 691 839 

Excess required 0.001 925 

True Base 0. 689 914 

Now, this agreement of the base with our atomic ratio is 
surely close enough. But since Van der Pfeats (1. c, p. 513) 
■shows that the value of Stas is a trifle too high, on account of the 
potassium chloride containing between 2 and 2^ parts of silica 
per hundred thousand, we may apply the correction calculated 
by him, namely 0. 000 0157 which we may be permitted to round 
off to six decimals, which gives 
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Base calculated 0.689 914 

Too high, impurity 0.000 016 

True b^se, pure salt 0.689 898 

Atomic ratio 0. 689 815 

This agreement is perfectly satisfactory to us. With this, all 
the fine conclusions of Stas are overthrown, (Aronstein, p. 59). 
He has not established a single fact in conflict with the unity of 
matter. 

It is not worth while to study the second method — of equal 
cloudiness about the Mean of Limits. We have studied the 
cloudiness of the Stasian Chemists more than we desire to — 
and, we trust, sufficient to understand the cause of this cloudi- 
ness. 

The silver and chloride reaction in the wet way shows well 
marked phases. These phases have been carefully determined 
since Stas' first and second publications, which have been super- 
seded — except in Leipzig — by those of 1882. These last de- 
terminations exactly conform to the atomic ratio calculated by 
us from the common atomic weights, i. e., the Proutian numbers, 
if we may say so. 

But it is useless to waste further time on this topic. It has 
been and must be misleading to use such reactions as these in the 
wet way, for the determination of atomic weights chemically. We 
do not know exactly what is going on in such a soup, nor what 
we really have present therein. For the purpose of determining 
the atomic weights of the elements, we must have definite com- 
pounds, in weighable form. 

The school of Slas seems to have, in its practice, considered 
the determination of the atomic weights mainly an exercise in 
mental gymnastics, combined with chemical gymnastics, akin to 
what rope dancing* would be in a laboratory of physics. We 

* In 1891-2 the Board of Harvard Unlvers'ty arranged their Chemical Labor- 
atory admirably for this work. — Richards, Zeltschr. anorg. Ohemle, III, p. 469: 
1893. 
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should in the future, confine ourselves to ^^ experiment, measure 
and calculation,*' and thus avoid to bring the highest branch oi 
our noble science again into disrepute and confusion. 

Our critical examination having removed the determinations 
of potassium, sodium and lithium from consideration, it is not 
worth while to examine the mixed reactions between chlorides 
and nitrates of which Stas has made so much. We are heartily 
tired of this partly negative work. But it had to be done. Not 
only had the obstructions to be removed, before a new building 
could be erected, but we had to examine the material carefully 
in order to preserve such parts as can be put to use n the new 
structure. 

Before we begin this work of construction, we must examine 
some of the recent work done in the school of Stas. We select 
one of the most noted contributions from that school, namely the 
determination of the atomic weight of copper, by Prof. Richards 
of Harvard University near Boston. We copy an article which 
we sent to the editor of the Chemical News^ London, and which 
appeared October 6, 18U3, in that Journal. Essentially the 
same article was also published in Zeitschr. anorg. Chemie, 
Bd. V, p. 293—298 ; 1893. 



Section V. — Determination of the True Atomic Weight 

OF Copper. 

" Chemistry of precision is at present in a very peculiar condi- 
tion, especially that branch thereof which has«for its object the 
determination of the atomic weights of the chemical elements. 
On the surface it seems that this department is in a most flour- 
ishing condition ; the number of determinations never was greater 
than at present, the space devoted to this topic in the chemical 
periodicals never was more extended, and the accuracy of the 
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' ' results is stated with an astonishing degree of precision, quite 
often expressed by means of refined methods of calculation, 
such as we formerly used to meet in astronomy only. 

Under such conditions it is exceedingly unpleasant to be in 
duty bound to present an abundance of facts which demonstrate 
that all this glory is but a hollow mockery and a sham, and it 
even becomes difficult to obtain a hearing for the purpose of 
submitting these facts for examination. Since the very renown 
of Stas depends upon the failure of chemists to practice mathe- 
matical and chemical criticism, it can scarcely be expected that 
these faculties will now respond promptly to our call after having 
been dormant for a quarter of a century. Our modern chemist 
seems to be as unwilling to find errors in the work of Stas as 
philosophers were to look through the first telescope for spots on 
the sun. 

Nevertheless the recorded facts show that the eminent analyst 
of Brussels has entangled the entire subject of the atomic weights 
in a web of systematic errors both chemical and mathematical, 
and has besides committed some of the most astonishing errors 
in the detail of his work. 

However unwilling chemists may be to look doubtingly at the 
work of their recognized master, it seems worth trying to make 
them join us in the critical examination of the work of a disciple 
of the school of Stas. To bring it more nearly home to the 
chemical public of this day and of this country,' let us select for 
such examination the work of recognized merit recently completed 
by an American chemist according to the general methods of 
Stas, with the single exception of the use of enormous quantities, 
which much-extolled peculiarity of Stas was one of the worst 
features of his system. 

In looking over the entire field, I can find no example more 
fair for this critical examination than the work of Professor 
Theodore W. Richards on the atomic weight of copper. This 

9 
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''work has been republished in full in Germany, in the new 
Zeitschrift fiir Anorganische Chemie^ Bd. I., 1892. The re- 
sults thereof have been accepted as practically final by Ostwald 
(^Zeitschrift^ ix., p. 383, 1892), who is generally recognized as 
an authority on the subject of atomic weights. I will further 
add that I have the highest regard for the analytical skill of 
Prof. Richards, who has spent on this work four years of his time 
in the best appointed laborator}^ of research in America. 

'If therefore I am constrained to declare that the final results 
of Prof. Richards are without permanent value to chemistry, 
being nearly one-fifth of one per cent, in error ; that, moreover, 
this entire research was superfluous, because a more accurate de- 
termination was known before this work was published ; and that 
finally the only two reliable results which he obtained in his 
laborious research were not recognized by him as such, but were 
with great labor and much chemical acuteness blotted out from 
his work by himself ; if I shall be compelled to declare all of ^ 
this, I shall equally insist that the fault thereof is not in the ex- 
cellent chemist personally, but is due to the school, the system 
of Stas which he represents. 

To keep this paper within reasonable bounds, it will be neces- 
sary to proceed directly to the determination of the atomic weight 
of copper ; thereafter the critical part can be very briefly given. 
The electrolytic ratio 2Ag: Cu is 3.402, if we adopt tempo- 
rarily 63.5 as the atomic weight of copper, and take Ag at 108 
as standard. For 63 and 64 the ratio would be 3.375 and 3.438* 
Now the determinations of Shaw (1886) gave 3.400; Lord 
Rayleigh found 3.404 to 3.408, and Gray 3.401. These values 
are almost identical with the one corresponding to 63.5 as the 
atomic weight of copper. This therefore is approximately the 
value sought. It only remains to find the minute deviation of 
this number from the true atomic weight, or to establish that 
this deviation is zero. 
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*' The mean value given by Richards himself is Cu 63.61, re- 
sulting from the means of all his eleven series, oxygen being 
taken as 16.000. Of course this mean involves the use of several 
of the erroneous values of Stas ; but as in the different series the 
elements employed are different, it is impossible to make allow- 
ance for these errors in the general mean. Part of the variation 
of the individual means is due to this fact; they run from 63.593 
to 63.641. The actual range of these means is 0.048, or say 0.05. 

Professor Richards next throws out six of his eleven series, 
and thereby reduces the range to 0.008, or say 0.01 in the means 
of the series retained, and gets 63.604 as a sort of selected final 
mean. This is a tacit admission that more than half of his series 
were made according to methods not fit to yield results of preci- 
sion. This final selection of the best agreeing results is quite 
generally practiced in the school of Stas to-day. Thus Van der 
Plaats freely omits entire series of Stas, according to his own 
sweet will and pleasure (Annales de Chemie^ vii., p. 512 ; 1886). 
The most glaring example of the kind — a genuine parody on 
sound science — may be found in Van Laar's "Thermodynamics" 
just published (p. 8). Having tabulated the results obtained by 
the different chemists — and he seems to consider the determina- 
tions of Leduc and Lord Rayleigh as legitimate determinations 
of atomic weights — he says drily, and with absolute unconcern, 
'*If we except the value under a as being certainly too low, and 
tho^e under d and ^, which are certainly too high, we get, as 
mean of the values under b and c, 15.881 — exactly the value of 
Morley. For 0=16, then follows H=1.0075." This work is 
highly commended in a Preface by van't Hoff, and has been 
equally highly recommended by Ostwald. The selection made 
by Richards, therefore, is in keeping with the practice of the 
school, for which it would be unjust to blame the individual. 

Next the question anses, is the value 63.61, or say 63.60, of 
Richards, the true atomic weight of copper? In that case the 
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" deyiatioD of 63.5 would be 0.10. But the determinations of 
Richards showed a range of 0.05, which is exactly half of the 
quantity in question. No scientist will pretend that a quantity 
is established with precision when it is affected with an uncer- 
tainty of half its own value. In other words, the work of Richards 
has not established the atomic weight of copper at 63.6. 

A careful examination of the methods used by Richards in 
his eleven series compels the condemnation of ten thereof as 
unfit for the purposes of precision. Only the use of blue vitriol 
as material, and the electrolysis and dissociation thereof, remain 
as legitimate processes for the determination of atomic weights. 
Of such determinations Richards has made three excellent series. 
The results obtained, expressed in parts by weight in hundred 
thousand, are as follows, the reference page being to the German 
edition : — 

• Series 

Page 

Copper « 25455 

Water 35958 

At degrees C 

Professor Richards also determines the amount of sulphuric 
acid left after electrolj'sis ; it is the ghost of Stas demanding the 
famous complete analyses at the expense of precision. Richards 
uses a volumetric process for this purpose, involving two indica- 
tors, also pure sodium carbonate, hence demanding the exact 
value of the atomic weights of sodium and of carbon. Such 
complex processes will give concordant results in so skilful hands 
as those of Richards ; but the unknown residual errors make the 
jinal result useless in chemistry of precision. 

Now right here Prof. Richards loses himself in the labyrinth 
of Stas. Summing up the three ingredients determined, Richards 
finds a deficiency oijive in te7i thousand outstanding. In other 
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*' words, 1 mgrm. of blue vitriol in every 2 grins, has been lost — 
a quantity entirely too large to be overlooked in chemistry of 
precision. 

Not knowing that volumetric processes can claim no place iu 
the determination of the precise value of atomic weights, Prof. 
Richards thinks his sulphuric acid determination right; he is 
properly certain of his copper determination ; hence he concludes 
that the error can only have occured in his determination of the 
water of crystallisation. He now pushes the heating of the blue 
vitriol to the dissociation of the sulphate. He reaches a dark 
red heat. He thus has secured that elasticity which Stas utilized 
in the precipitation of the silver chloride, and which Richards 
alone has properly condemned in his work on the atomic weight 
of barium. 

However, Professor Richards is too good a chemist to hide 
for himself the very unsatisfactory outcome of this search for the 
missing substauv'ie. He admits the absence of the necessary 
evidence^ but says : "There is no doubt of its great probability." 
This is one of the classical phrases of the school of Stas. It has 
absolutely no place in the chemistry of precision. 

Professor Richards adds : — *'Upon such a matter it is difficult 
to see how more definite results could have been obtained.." He 
does not know that he had the most definite and admirably exact 
results when he started out on this chase after the lost water, 
not dreaming that it was the acid that had been lost by him. He 
thus throws away the only valuable determinations of his four 
years of work. But, also, this stupendous error is due to the 
school he follows. 

To show this in the shortest manner possible, let us adopt 
the atomic weights of H=:l and S=32, established by my limit 
method, and also put Cu=:63.5; the analysis thereafter will 
show how much the *' deviation" of this atomic weight amounts 
to. Thus the formula — 

CUO4S+5H2O 
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^' for the atomic weights specified requires per handred thonsud 
parts of blue vitriol — 

Copper 2545 1 

Water 36072 

It is plain that these calculated values are practically identicai 
with those found by Professor Richards given in the preceding 
pages. The correction to be applied to the observed values to 
obtain the calculated values are — per hundred thousand parts vi 
blue vitriol — as follows : — 

Series I. II. in. 

Copper - —4 +1 -f 3 

Water at 360^ „ +5 +5 

The agreement is remarkable ; the error of the determinations 
i.s only one viilligrni, in t'^enty-jivc grms, if we take 4 as the 
mean of the above numbers. Thereby these determinations of 
Richards stand in the front rank of atomic weight determinatioos. 
That he failed to see this and started upon the long chase for 
more water is exclusively due to the dense fog that for a quarter 
of a century has-been darkening this entire field of chemistry, so 
tliat at present, not only the old, but also the young chemists 
m'cni to have lost the faculty of sight in the broad light of day, 
unci refuse to look at truth. 

TliiiH it is established by these two determinations of 
Richardn — the only two accurate ones in his entire research, 
but which he himself, as faithful Stasian chemist, had corrected 
nwiiy from trutli — enable us to assert that the deviation of the 
true imd exact atomic weight of copper from 63.5 is certainly 
not ovrr 0.002. 

A H('ri(5H of determinations carried on in accordance with the 
conditlonH of my limit method will no doubt show \\a9X the atomic 
uu'i^ht of copper is exactly 63.5 in the mathematical sense. 

In concIuMion, I beg leave to express the hope that the young 
(ilMMniHtH--at any rate, those in this country — will no longer take 
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' ' part in the blind worship of an authority that has covered the 
immortal work of Dumas and Berzelius with the rubbish of a 
spurious accuracy and an imaginary analysis, and hereafter 
rather assist in the determination of the true and exact value of 
the atomic weights of the chemical elements/' 



WHERE THAT SULPHURIC ACID DID GO TO. 

To complete the critical examination of the work of Professor 
Richards, on blue vitriol, I had written quite an elegant article, 
in which I showed where that sulphuric acid did go to ; but I 
have withdrawn it, because his work has already received more 
attention from me than it deserves. When I published my crit- 
ical examination of the determination of the copper in the article 
reprinted above, I rather expected that Prof essor Richards might 
profit thereby, and from a mere performing chemist gradually 
develop into a real chemist, who can think chemically as well as 
do some nice manual work in the laboratory and watch the oscil- 
lations of the pointer on a costly balance. It does not seem that 
his general preliminary scientific education has been suflSciently 
broad to enable him to comprehend my kind criticism ; hence I 
shall no longer thrust my benevolent attentions upon the young 
professor. He appears to depend on the honor and renown of 
the grand old institution that has favored him with the best labor- 
atory facilities in America, rather than to bear in mind, that the 
renown and standing of even the best institutions are but a reflex 
from the sum of the labors of distinction that its professors have 
accomplished. — Zeitschr. anorg. Chemie, VI, 102; 1892. 

I will here only say that Professor Richards ought to have 
paid some attention to the Science of the Laboratory bearing on 
the production of persulphate by the electrolysis of sulphates. 
The first discover}', by Berthelot, dates back nearly twenty years ; 
his more detailed publications were made in 1891, in refutation 
to the German chemical radical ''Sclfurylholoxtd'* of Traube. 
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Now ever}' one atom of persulphate formed represents the 
saturating power of two atoms of sulphuric acid. To determine 
the amount of sulphuric acid in the solution of blue vitriol by 
volumetrically measuring the saturating capacity after the elec- 
trol^'sis has, b}' changing 2/^ atoms of sulphate to ^ atoms of per- 
sulphate, reduced that capacity f atoms, represents a string of 
chemical hypotheses and unwarranted conclusions rivalling those 
of Stas operating the Consomme Pelouze. In Exp. 4, p. 165. 
Richards has lost 51 atoms of every 100,000 of the acid, or one 
milligramme in every two grammes. That is, certainly, an 
amount far above the pretended precision of the performing 
chemist of Harvard. — See p. 133, line 1. 

Thus Professor Richards tries to determine the water that 
was not there, because it happened to be sulphuric acid. He 
failed to find the sulphuric acid that was there, because before 
determining it, he ignorantly changed a variable fraction thereof 
into persulphuric acid of half the original saturating capacity, 
and then tried to determine the total amount volumetrically as 
sulphuric acid by its saturating capacity only. By these aston- 
ishing blunders, the earmarks of a most appalling empiricism, he 
had so distorted the percentages that even his true determination 
of the copper present, was falsified in his calculation. 

This sort of work is being applauded as chemistry of pre- 
cision, and in such manner the followers of Stas determine 
atomic weights ! 

In conclusion I wish to assure my readers that it is only upon 
compulsion, and solely to establish the truth and expose sham 
science, that I enter upon these critical examinations. I enter- 
tain no i)ersonal enmit}' towards any of these men and freely 
adopt the words of the great Reformator : 

Nieniand wolle sich zu mir Hass oder Ungunst versehen, denn 
mein Muth ist zu frohlich und zu gross dazu, dass ich jemandem 
herzlich mochte Feind sein: ich habe auch nights fur Augen, 

ALS DIE SaCHE DER WaHRHEIT AN IHR SELBST, DER ICH AUS 

Herzen hold bin. 
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CHAPTER I. 



GENERAL PRINCIPLES. 



The chemical atom is the smallest amount of matter that 
enters into chemical combination with any other particle. // is^ 
therefore^ impossible to determine the atomic weight except by 
a chemical process* 

Certain physical laws may furnish the chemist with most im- 
portant indications as to the particular multiple of the combining 
proportion determined by anal3'^sis, to be accepted as the atomic 
one ; but the real determination of the exact weight of this quantity 
can be furnished by a chemical process only. It is the chemical 
union that decides what is the chemical atom. 

It is true that even Berzelius has made use of purely physical 
processess for such a purpose ; but the atomic weights thus ob- 
tained cannot be recognized as the weight of chemical atoms. 

The same remark applies to recent endeavors of this kind. 
Thus, the so-called System of Atomic Weights of Le Due 
(Comptes Rendus, T. 116, p. 383; 1893.) can receive no recog- 
nition in chemistry. The weights he tries to determine are not 
selected by the fundamental property of chemical combination.* 

* Prof. G. Kriiss of the University of Munich does not understand this fun- 
damental point — or he would not have associated my atomic weights with 
those of Le Due. Jahrbuch der Chemle, 1893, p. 49. 
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Whether the results of such physical determinations agree or 
not with chemical research is of no particular importance in 
chemistry. 

The onl}' legitimate method of determining the atomic weight 
of any chemical element or radical F is by forming or decompos- 
ing its combination with the chemical element or radical the 
atomic weight D of which is known. 

If the compound D + F is formed, the process of determina- 
tion is a synthesis; if it is decomposed, the process is an analysis. 
Special chemical and physical conditions will determine which 
one of these processes is to be preferred in any given case. 

In the famous combustion of the diamond by Dumas (p. 21) 
the carbon was weighed as diamond, and the product of com- 
bustion was also weighed. 

Hence the F of our general formula repre3ents the diamond 
burnt, and 1) the two atoms of oxygen combining therewith ; but 
tliis latter couhl only be determined by difference, by weighing 
the product of combustion. 

Only Such Processes of Direct Synthesis or Analysis of 
Simple Compoinds Can Lead to Exact Results. A brief con- 
sideration of the theoretical and experimental details of such a 
process will demonstrate that all other more complex and even 
indirect reactions which have been freel}' used in the past, must 
be (entirely discarded in the future. 

The weight (i of the substance, the atomic weight of which is 
known or assumed as standard, is evidently made up of a certain 
definite number N of these atoms. 

Yet th(* weight N.F of these atoms is never quite equal to the 
Utitkl wei^lit ^1 of substance used, because it is practically impos- 
es! !»le to obtain any substance in a state of absolute chemical 
iiiiritv. Lei V represent the totality of foreign matter, then we 

<?hrt11 liflve 

q = NF + Y (1) 
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The very small ratio 



Y 

y=— (2) 

•^ NF ^ 



will be a constant, very nearly, for the same larger mass of sub- 
stance used as stock, provided that great care be taken in its 
preparation and keeping ; otherwise y may vary from one exper- 
iment to the next. It certainlv varies from one lot of material ta 
another. 

By the aid of this ratio y we can transform ( 1 ) into 

q = NF(l + y) (3) 

w^hich will be found much more convenient for calculation. 

The compound DF obtained by synthesis will not necessarily 
contain every atom N of the substance F ; there may have been a 
loss during the chemical operation, and some of the atoms F may 
not form the compound DF, but some other, such as DgF or 
DF2. 

If then N' represents the number of atoms actually formed of 
the compound DF intended, we have necessarily 

N' = N-.n' (4> 

where n' represents some real positive number. This gives us 

-=l-n (5) 



where 



°=s w 



represents the small ratio of the number of atoms F lost in the 
synthesis DF as such. That is, all N atoms of F may be present 
in the product p obtained by synthesis, but a number n' thereof 
may not have combined in that manner. 

For example, if F be Copper, and the process used oxidation ; 
then of N atoms of Copper taken only N' may have been oxidized 
to cupric oxide CuO, and n' to cuprous oxid« CujO ; accordingly 
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N' will be less than N, or n' is some definite number. In this case 
it is supposed that actually not an atom of copper was lost in 
the process of sjm thesis.* 

But since it is impossible to oxidize copper — to retain the 
example just a minute longer under our eyes — without exposing 
it to a current of ox^'^gen for some time, and as no oxygen is ab- 
solutely pure, and no apparatus absolutely tight, it is evident, 
that the product actually obtained will contain something more 
than the oxide, and that the percentage of this foreign matter 
even will vary with ihe Time consumed in the operation. 

From this general summary it is evident, that the total weight 
p of the product obtained by synthesis may be represented by 

p = N' (D + F) + X (7) 

The small ratio 

X = ^ (8) 

N' (D + F) 

will not generally be a constant^ but rather a function of the 
total Amount of F used aftd even of the Time consumed in the 
synthesis. 

The amount X represents not only all accessory foreign mat- 
tcr, but also the uncombined or differently combined atoms of F 
not united with D to the particular compound D + F which it 
was intended to obtain. 

Equation (7) may also be transformed to the expression more 
convenient for calculation 

p = N'(D + F)(l+x) (9) 

For every single determination made, that is, for every indi- 
vidual synthesis, the weights p and q have been ascertained ex- 
perimentally ; their quotient, or the analytical ratio of the 
determination will accordingly be represented by the following 
expression : 

* See also the case of Richards, overlooking the formation of prosulphuric 
acid at the positive electrode, p 136. 
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p_ N>(D + F) + X ■ 

* = -q- NF + Y (^^> 

or, by factoring, as shown above, 

p N' D + F 1 + X 
a = -= — • ~ ' —^-— (11) 

q N F 1 + y ^ ^ 

Now, the variables x and y are very small quantities in com- 
parison to unity, in all good determinations. Consequently, 
their products and higher powers are entirely insignificant, in 
comparison to themselves and to ordinary quantities. Thus, if 
they were only 2 thousandths each, their square would be 4 mil- 
lionths only, and would be without influence on the third and 
fourth place of decimals. Hence 

i±^=:l + x-y (12) 

1 + y 

for the product (l + y)(l + x — y) gives 1 + x and the insig- 
nificant quantity xy — y^. We have also 

(1 +x)(l + y) = l +x + y (13) 

because the product xy is of no influence in comparison to x or 
y. That is : 

Multiplication is effected by audition^ division by subtrac- 
tion^ of the minute quantities x and y modifying the unit. 

Accordingly (11) may be written: 

p N' D + F , 

By utilizing (5) this analytical ratio is reduced to 

D -I- F 
a = t!^(l + x-y-n) (15) 

Now, since D and F represent the true atomic weights^ the 
fraction 

?-±^ = R (16) 

is the true atomic ratio^ which we represent by the letter R. 
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This ratio must not be confounded with the common atosdrl a( 
ratio r obtained from the common atomic weights, andwhichvasli) 
used in Part First. I si 

The following is therefore the simplest expression of the a«i-| e 
lytical ratio : 

a = P=R(l + x-y^n) (17) 

q 

By the simple mathematical principle explained above, ve 
can solve (17) directly for R: 

R = a(l-x + y + n) (18) 

These two equations (17) and (18) constitute the ground 
work of the determinations of the true atomic weights. 

We have purposely refrained to take note of the erron oj 
weighings because they can now be reduced to almost insignifi- 
cant quantities, and are an3'way quite familiar to all chemists. 
We have also assumed p and q to be absolute weights, or thaJ 
the direct weighings have been corrected for buoyancy. In case 
this has not been done, the corresponding two minute quantities 
would have to be added in the parentheses (17) and (18). 

We will now proceed to the general discussion of these fun- 
damental equations. 

A. THE ANALYTICAL RATIO. 

The expression for a given in equation (17) shows plainly 
that the analytical ratio is not a constant but varies with the 
minute ratios x, y, n ; for the true atomic ratio R is, by theory, 
a constant. 

All determinations of precission confirm this law. We have 
seen that there is not a single series of determinations made by 
Stas in which the analytical ratio is rigourously constant. While 
empirically this variation has shocked the Stasians, it may, 
theoretically, be looked upon as a evidence of the remarkable 
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ocuracy of his work, though neither Stas himself, nor the 
tasians of to-daj-, have studied the general principles of science 

sufficiently to understand the causes of this variation. — See the 

curves on Plates I and II, and pp. 77-82 supra. 

The precise form of this variation we will study in a subse- 
uent section, E. 

B. THE MEAN AND THE LIMIT. 

All chemists have thus far conformed to the practice of Ber- 
2elius in the calculation of the atomic weights. They have taken 
Xhe analytical ratio as a measure of the atomic ratio, that is 

R = a (19) 

Hence, for a number of determinations, the mean of the indi- 
vidual values a was taken as the most probable value of the 
atomic ratio, which then gives, by (16), the atomic weight D, 
that of F being known. 

This practice was sufficiently exact in the days of Berzelius, 
but cannot be continued when determinations of precision are 
really at hand. 

Equation (18) explains the fall^y of the practice of modern 
chemists expressed in the erroneous equation (19). For the 
minute quantities x and n are certainly not constant, though y 
for the same material may be nearly so. Hence the ratio 

?=l-x + y + n (20) 

a 

necessarily differs from unity and is variable^ being either 
slightly above or below unity. For example, for fused silver 
nitrate, this ratio is respectively 41, 46, 39, 40, 24 hundred- 
thousandths below unity in the five cases given at the bottom of 
page 83. 

It makes no difference how many individual determinations of 
the analytical ratio a be made in any series ; the mean of the right 
side (20) can never be equal to unity, but will remain throughout 
each individual series of precision either above or below unity. 

10 
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All chemists ought to understand the itHpossibility of de- 
termining the true weight of a new coin by the weighing of any 
number of worn coins ; since every one is light in weight, their 
mean will necessarily also be below the true weight. 

C. THE TRUE ATOMIC WEIGHT IS A LIMIT. 

But suppose we were to take the weight of these coins aud 
also note the year in which they were struck. Suppose we w«re 
to take the mean weight for the coins of each year separately. 
If the number of coins examined were large enough, these 
means, when plotted as ordinates over the years as abscissae 
would determine a fairly regular curve, lowest for the oldest 
coins, gradually rising towards a limit which they would not 
quite reach. That higher limit would evidently be the tniie 
mean weight of the new coin. Such a method of procedure 
possesses the characteristics of a Limit Method. 

By such a method the true atomic weight can be determined. 
For suppose that we carry out determinations under varying 
conditions, and plot the results according to the amount of mat- 
ter taken as abscissae, and draw a separate curve for each set of 
minute quantities x, y, n ; then the curves of the analytical 
ratios will approach the value R as the minute ratios x, y, n 
approach zero. That is mathematically expressed by the equation 

R = lim. a (21) 

which reads : the true atomic ratio is the LIMIT to which the 
analytical ratios approach as the disturbing quantities x^ j, n 
are gradually approaching zero. Contrast this with the wrong 
equation (19) used by chemists thus far. 

When Dumas substituted the diamond for all other forms of 
carbon, he practically reduced y to zero ; hence his results rep- 
resented a wonderful progress, and the accuracy of his work has 
not yet been surpassed. Again, when he kept the oxygen gas 
in a gasometer filled with lime-water, he diminished x ; the pro- 



\ 

\ 

V 



I 

i 



Atomic and Analytical Ratios. 147 

duct of combustion passing over red hot copper oxide secures 
every particle of carbon to reach the absorption bulb fully 
saturated with oxygen, so that also n is brought close to zero. 
Hence it is that the mean of his five determinations gave the 
analytical ratio a = 3. 6663, while the true atomic ratio is 

R = 3. 6666 Accordingly the atomic and analytical ratios 

are almost equal, for 

* ?z= 1.000 08 

a 

differs by less than^one ten thousandth from unity. See p. 21. 

The chemists of the old school have been particularly careful 
to purify the substance used for their determinations, say by 
repeated re- crystallizations. In such cases, the purer substance 
for which y is nearer zero — will give, other things being equal, 
an analytical ratio which approaches nearer to the atomic ratio. 
Such determinations should have the preference^ and should 
not be combined to a general mean with determinations made on 
substances that were less pure. This self-evident principle is 
generally disregarded by modern chemists who thus present us 
an olla potrida — which is as objectionable as the Consomm^ 
Pelouze. 

But this method of approaching the limit by qualitative pro- 
cesses is very laborious, and requires a multitude of determin- 
ations as well as extreme circumspection. I have therefore 
devised a quantitative limit method, by means of which one 
single series of determinations will furnish the true atomic ratio. 

D. THE LIMIT METHOD. 

My Limit Method* requires the execution of a true Series 
of determinations, all made under exactly the same conditions 
with exactly the same materials, and differing only in the amount 

* Comptes Rendus, T. 116, p. 763; 1893. 
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of the indepeDdent taken ; and this amount should vary gradu- 
ally between the two extremes determined by the possibility of 
ready handling and exact determination. As to chemical reac- 
tions, only the simplest and most direct should be chosen, parting 
from and leading to perfectly definite physical and chemical 
entities, sufficiently permanent to permit accurate weighing. 
This excludes all volumetric processes. Finall^^ the reaction 
must he completed in the shortest possible time ; for time entois 
in A' as a disturbing element. 

If such a series of determinations A, B, C, D, is plot- 
ted (Fig. 7) over the weight q or w as abscissa, and the ana- 




Fig. 7. 
lytical ratio a as ordinate, the latter will determine a parabolic 
trajectory^ which has its convexit}' either turned up or down, 
and accordingly exhibits either a maximum or a minimum. 

Now, when a sufficient number of points A, B, C, have 

been determined in this trajectory by a corresponding number 
of determinations for values of q z=: w, properly varying between 
the limits depending on the i)ractical conditions of the chemical 
process, the curve most closely passing through all points so de- 
termined can be drawn, and continued so as to cut the ordinate 
axis ; the ordinate so cut off at o will represent the true atomic 
ratio R. 

For the disturbing quantities x, }•, n depend on the amount 



Equation of the Trajectory. 149 

of material taken ; the smaller the amount of matter used, the 
nearer we approach towards the ideal ease of the single atoms D 
and F. Accordingly, the limit w i= q =: o will also involve 
X = y = n = o, and these give a = R. The case presents not 
an indefinite ratio %, but the tangent to the curve determined 
shows the direction and will cut the ordinate so much the more 
accurately, as the series has been carried on nearer to w = o. 

* Through the point o determined by the curve, draw the hori- 
zontal oX as the new axis of abscissae w, then the analytical 
excess e will be the new ordinates for the trajectory. Thus, for 
the point C of the curve, oP = w, is the abscissa or weight q 
used, and CP = e the analytical excess^ that is the excess of the 
analytical ratio over the atomic ratio represented at o. Such are 
the curves on Plates I and II. 

E. EQUATION OF THE TRAJECTORY. 

Since these curves (see Plates I and II) are nearly symmet- 
rical and greatly resemble the common parabola, they will, as a 
first and generally sufficient approximation, be expressible by 
the equation of two terms 

e = kw— kV (22) 

where k and k'' are constants. 

To determine these constants let u be the range oo' and h the 
maximal height (or depression) DD' of the curve, considered as 
a parabola. Then (22) gives, for e = o, the range u = w 

u=p . (23) 

k 

Since the greatest elevation (or depression) h corresponds to 
half the range, we obtain e = h by substituting w =: Ju in (22), 
giving 

h = — , (24) 

4k' ^ ^ 
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Hence if we Lave experimentally determined the curve, and from 
it, by direct measurement, Lave taken the values of h and iufor 
the highest (or lowest) point, we can calculate the constants k 
and k' of the trajectory (Fig. 7) by 

4h k 4h 

k=- k' = - = -y 

u u u* 

It is also interesting to determine the angle of elevation ff 

under which the highest (or lowest) point appears when seen 

from the origin 

2h 



(25) 



tgd'= 



u 



(26) 



The angle ff under which the trajectory cuts the horizontal 
axis is evidently determined by 

(27) 



u 



Consequently we have, the angles being very small, 

e = 2ff ' (28) 

Example. The curve representing the syntheses of silver 
sulphide (Plate II) shows the maximum 43 (in the 5th place) for 
178 grammes of silver. 

That is, h = 0.000 43 and u z= 356 grammes. 
Cousequeutly, (25) gives the constants of the parabolic tra- 
jectory 

k = 0. 000 004 83 

k' = 0. 000 000 01 



and d is one second of arc, d' half a second of arc. 
of this trajectory is accordingly 

e = 0. 000 004 83 w 
— 0. 000 000 01 w^ 
or approximately 

w /^ w '^^ 

e = 0. 005 T^r^— 0.01 



'!> 



rhe equation 



(29) 



1000 i^iooo; 

which, if we put w = 1000 Wi assumes the convenient form of 

2 



(30) 



ow 



w, 



e = 



1000 100 



(31) 



Tkue Excellency of Stas' Analyses. 151 

■ 

The minuteness of the values of the coefficients gives a cor- 
rect idea of the real form of the curves, which in our drawings 
are necessarily greatly distorted. 

It is quite apparent that the quantities here considered are 
exceedingly minute in comparison to the weights involved. Ac- 
cordingly, the coefficients k and k' are frequently the first only 
,a few millionths, the latter even only a few hundred millionths, 
while the true trajectory differs from a straight line by only a 
few seconds of arc. 

These facts mark the intrinsic difficulties of the problem here 
under consideration. They also testify to that excellency of the 
work of Stas ^ which his prof essed admirers have never properly 
comprehended. The work of Dumas on water was equally 
exact and preceded that of Stas. 

It will be understood that for every single series of analytical 
determinations such a trajectory is obtained. Provided the 
chemical reaction employed is the same, all these trajectories 
must cut the ordinate axis in the same point. 

In the next chapter we shall show in what manner this limit 
method can be most readily applied. 

F. LIMIT METHOD IN GENERAL. 

It would seem that chemists of to-day are not acquainted 
with the important position which limit methods have occupied 
in the progress of science. They have been making desperate 
efforts to determine the atomic weights of the elements directly, 
and have applied the clumsy and irrational method ot means to 
the resfilts of their experiments. They do not seem to understand 
that the final mean must necessarily be too low, if all the indi- 
vidual determinations are too low. 

The mean values of the determinations of Stas come no nearer 
the true atomic weights, than the ''mean man'* of his eminent 
colleague of the Brussers Academy of Sciences approaches the 
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proportions of the true man. ^^L'homme mojen" of Qaeteletis 
a caricature of beauty, and the mean atomic weight of Stas is t 
libel on the wonderful laws of proportion imprinted on matter. 
In its more general aspects the same empiricism df the ^^mean" 
is clouding all branches of modern science, and having become 
the fashionable philosophy of the last half of this century, is 
leaving its depressing and debasing marks m almost every sphere 
of human action. 

In the highest brauch of scientific chemistry the method of 
means has well uigh produced chaos while filling the chemists 
with proud ideas of a high degree of precision and accuracy 
that has no existence except in their own imagination. 

On the contrary, the periods of greatest development in the 
history of the exact sciences have been marked by the introduc- 
tion of limit methods. 

Dynamics rests upon the law of inertia ; but this could never 
have been established as a ^^mean" but is accepted as a '4imit." 
In proportion as we remove resistances to motion, this motioD 
continues ; and we infer that the motion will continue indefinitely 
without change, if the resistances become absolutely zero. 

The law of uniformly accelerated motion involved the inflni- 
tesimal time limit, during which any motion may be taken as 
uniform. Galilei had grasped this idea very clearly. 

In fact, the great development of higher mathematics in the 
days of Cartesius, Cavalieri, culminating with Leibnitz and 
Newton, is mainly due to the introduction of a limit method. 
If J represent finite differences and d the differential, we have, 
as the most general principle of calculus 

^^=lim.f (34) 

dx Jx 

Now, the mean of the finite differences J will never give the 
differential, nor their ratio the differential quotient. Or, if it be 
easier understood, the mean of a series of secants passing through 
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a given point in a curve will never give the tangent to that point ; 
■for that tangent is the limit of these secants. 

It must suffice to specify these few instances ; modern mathe- 
\ matical science is full of striking examples, in analysis, in 
I geometry, and in mechanics, as a necessary consequence of the 
! origin of these sciences. 

But the limit methods are not themselves of modern origin. 
When the ancient geometricians wished to determine the length 
of the circumference or the total area of a circle for a given dia- 
meter, they utterly failed while trying methods of ordinary, 
direct procedure ; they succeeded when applying a limit method. 

They knew that the inscribed regular hexagon has a perimeter 
of exactly six radii. They had, by ordinary linear geometry, 
determined the length of ihe side of any polygon of exactly 
double the number of sides. Consequently they determined the 
perimeter of the regular 12-sided polygon to be 6. 211 656. 

In the same manner they determined the perimeter of the 
regular polygon of double the number of sides, that is of 24, 48, 
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Now, plot these values, say by starting with the iuscribed 
polygon of 96 sides, taking a convenient length as abscissa to 
represent the corresponding angle ; half that length will then be 
the place for the ordinate for the polj'gon of 192 sides. See 



6. Its 



Circumscrthecl 




Fig. 8. 
Fig. 8. For each abscissa erect the corresponding ordinate— say 
in excess of 6. 282. 

By now joining the points so determined a regular curve re- 
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3ults, which produced cuts the initial ordinate at a point deter- 
mining the length of the perimeter of a regular polygon of 
infinitely many sides, i. e. the /tmii of all inscribed polygons, 
ivhich we call the circle. 

This is done practically in the most accurate manner by draw- 
ing the tangent to this curve. It will be only one unit in the 
sixth place in excess of that for the 3072-sided polygon. Hence 
the circumference, to the sixth place, is 6.283 185 if the radius 
is one. 

Since now the circumference is commonly represented by 2/:, 

it follows that the ratio of circumference to diameter of any 

circle is 

t: = 3.141 592 ... 

This is probably the oldest application of a limit method. It 
can be greatly perfected by considering the ordinates measured 
from the tangent, which are seen to diminish to one-fourth at 
each upward step. For the 96-sided this difference is 1121 ; for 
the next higher ones it is 279, 71, 18, 5, and finally 1. Now if 
1121 is five times reduced to a fourth, it is reducd to one 1024th ; 
which gives 1.1 as the value to be added to the length of the 
3072-sided polygon, so that the figure given is exact to the sixth 
place. This curve is a parabola. 

It is evident that this determination of the circumference cor- 
responds exactly to our determination of the atomic ratio ; the 
method used is the /imit method^ the foremost method yet de- 
vised by the human mind for the determination of those quant- 
ities which it seems impossible to determine directl}'. 

It hardly need be added that starting with the circumscribed 
hexagon, the same limit method gives a higher limit for the 
length of the circumference. Our diagram. Figure 8, represents 
also this series of approximations by the corresponding curve. 
The tangent is common to both parabohe. The true value always 
is between these two limits. Hence, as these limits approach, 
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the value of the quantity to be determined becomes known with 
a hig.i degree of precision. 

The corresponding higher and lower limit also can be used in 
chemistry. Thus the atomic weight of oxygen results from 
potassium chlorate too low, while from silver chlorate it is ob- 
tained too high. The two limit curves intersect in O = 16 ex- 
actly. Compare Fig. 4, Plate II. 

It may seem a little out of place to introduce portions of 
elementary geometry into our work on the determinations of the 
true value of the atomic weights, but as it appears that some 
chemists in high position have no knowledge of the important 
place which limit methods occupy in the history of science, the 
pages devoted to this topic will serve a useful purpose. 

I may be permitted to add that this exposition is entirely new 
in form. I believe it is also new as a theorem that these limit 
cnrves are parabolae. 



CHAPTER II. 



PRACTICAL FORM 

OF THE 

LIMIT METHOD. 



If we could separately handle the two individual atoms, it 
would be easy to determine their atomic weight (p. 2) ; we would 
first weigh the one single atom, then the combination of the two. 
But this being impossible, we have to deal with masses directly, 
and can only obtain the true atomic weights as a limit. 

If the earth were the only planet circling around the sun, 
astronomers would have an easy time of it, for the earth's orbit 
would be an ellipsis, exactly. But since there are other planets 
in our system, the earth does at no time describe that ellipsis 
exactly ; it is constantly more or less disturbed in that orbit, by 
the other planets. 

But these other planets being very small in comparison to the 
central body, the sun — even Jupiter having less than the 
thousandth part of the mass of the sun — these disturbances lire 
comparatively small in amount. Astronomers (not those of the 
Observatory, p. 57, foot note), have solved the problem of per- 
turbations, the problem of the three bodies, not by any direct 
process, which is manifestly impossible, but by a limit method. 
They take the elements of the earth's orbit, determined on the 
supposition that the earth is the only planet revolving about the 
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sun ; they then consider the perturbations prodaced by the other 
planets as causing minute variations of these elements, Tvhick 
thus are no longer real constants, but constants subject to ven 
small variations. This is the famous method of the Variation 
of the arbitrary constants of Lagrange.'* 

In Chemistry, the disturbing effect of other kinds of atoms 
than the two involved in the process may be determined by the 
same general method of the variation of the constants ; for here 
the disturbing influences can experimentally be /wa^/^ very minute 
by keeping away as much as possible all other or foreign mat- 
ter. We then must consider the atomic weight D to be deter- 
mined as a slightly variable constant ; that is, if D represent its 
true value, we shall find an atomic weight equal to D -|- d under 
the conditions of our chemical process. Now the variable quant- 
ity represented by d is necessarily very small in comparison to 
the constant D ; that is, the ratio 

- = b (35) 

is very small. We shall call this ratio 8 the Chemical Pertub- 
HATioN. These (juautities are in all cases sufficiently small to 
allow the use of the method of calculation peculiar to minute 
(|uantities, in connection with comparatively very large ones; 
see 1). 143. 

If we ncfw revert to the original and complete expression of 
the analytical ratio, namely (p. 143) 

p N' (F + D) + X 






q NF -f Y 



(36) 



* C. Kamus. Differential o% Integral Regning, Kjobenhavn, 1844, p. 116. 14T. 
— Analytisk Mechanic, 1852, p. 284, etc. 

James V. Watsos. Theoretical Astronomy, Philadelphia, 1868, p. 42 and 

]). 42<) setj. 

In our applications we need only the very rudl'* ents of this most fertile 
method. If we ever publish the Principles of Atom Mechanics, we shall need 
more of th's method. 
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we see that the introduction of the. minute variable d can take 
the place of all the other variables, and reduce the above 
equation to 

^^p^ F + D + d (3,^ 

q F 

This equation is entirely general ; D and F representing the 
true atomic weights. 

But we can go one step further. Since the true atomic 
weights, as a matter of fact, differ but very slightly from the 
common atomic weights (p. 5) the above equation (37) will be 
equally true if D be taken as the common atomic weight of the 
element in question ; in that case d will become the departure^ 
and 5 we will continue to call the chemical perturbation or de- 
parture for a unit of weight. 

In this case 

F 4- D 

^ =r (38 

F ^ 

is the common atomic ratio, the same we have been making use 
of in Part I. 

Accordingly, (37) gives us 

a = r+| (39> 

or, since the a7ialytical excess is 

e = a — r (40) 

we find the departure to be 

d = Fe (41> 

and the chemical perturbation 

(J = -. e (42) 

D 

The departure of the atomic weight from its common value 
D is obtained by multiplying the analytical excess e by the 
atomic weight F that has been combined with the element D. 

The minute analytical excess e, being multiplied by the 
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atomic weight F will give quite appreciable values of the depart- 
ure d. See pp. 79 — 80, supra. 

Since in Part I, we have found as a chemical fact, that the 
analytical excess is variable, it follows thatM^ departure is vari- 
able^ and consequently the atomic weight D -(- d is variable^ 
according to all the determinations of Stas and Dumas without 
exception. And since the trajectory e is approximately para- 
bolic we can give the general equation of the atomic weight,* by 
means of equation (22). 

But since for w = o, d vanishes, it follows that the common 
atomic weight D is the true atomic weight, provided the formula 
(41) is a true representation of the facts observed, or more gen- 
erally, provided that the trajectory passes through the origin. 

Now, since the analytical excess varies regularly with the 
amount of substance used in the determination, and approxi- 
mately as the ordinate of a parabolic curve passing like the tra- 
jectory of a projectile from the origin, and since the departure is 
directly proportional to this analytical e?:ceps (equat. 41), it fol- 
lows that the atomic weight of an element results not as a con- 
stant from these analyses^ but varies regularly and cont nu- 
ously with the weight of substance used for its determination^ 
very nearly as the ordinate of the trajectory of a projictile. 

The departure d we will generally express in thousandths (or 
units of third place). It is the small variation to be added to 
(or subtracted from) the common atomic weight to give the par- 
ticular value of that atomic weight resulting from the individual 
experiment specified. 

The following tables give the values of the departures mainly 
from Stas* analyses. In the first table, we have put together all 
departures determined by means of pure silver, the atomic weight 
of which has been (temporarily) taken at 108 exactly. Accord- 

* The same is equally true for the chemical i)erturbation. 



i«a*krMa4a 



THE NEW YORK 

PUBLIC LIBRARY 

TiLD.'.N t O ■■ •' ' '" • 

■ i l »« H ■! Ill ai ' r I .^^i>M- - - •... 



Table of Departures. 



IGl 



^^Jparture e for the atomic weight of another element 
ding to (41) 

d = 108. e 

analytical excess determined in the preceding part, 
relation employed p. 79.) In the case of sulphide, 
sulphur is combined with two atoms of silver, the 
>^s evidently 216 e. 
' second table, the determinations made with pure lead 
^ tabulated in the same manner. Lead nitrate contain- 
^."toms of nitrogen, we have necessarily 2 d = Pb e or 
• o e, tailing Pb = 207 temporarily, 
•^^perimental data are not repeated in these tables, but 
Uly be looked up by the references given. 

[Table 19.] 

TABLE OF DEPARTURES (3d PLACE). 

METAL: SILVER. 

Nitrogen. Synthesis Silver Nitrate. 
Table 6, p. 81. 





Departure. 






Departure. 


Silver. 


Dried. 


Fused. 


No. 


Silver. 


Dried. 


Fused. 


77 


92 


70 


6 


405 


69 


60 


100 


111 


80 


7 


200 


57 


46 


200 


82 


76 


8 


200 


88 


67 


300 


75 


69 


9 


136 


96 


85 


300 


77 


68 


10 


82 


95 


78 








6, 


eorr. 


50 


• 41 


ry, Table p. 83. 


• 










77 


92 


70 


4,5 


300 


76 


69 


150 


97 


78 


6 


405 


50 


41 


200 


87 


67 










^NAC, 


Table 7, 


p88. 










69 


28 




4 


70 


— 3 




58 


— 7 




5 


200 


43 




66 


28 




mean. 


1 4 


11 





11 
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Sulphur. 


Reduction 


OF Silver Sulphate. 




STAS, 


p. 95. 


1 
1 


H. STRUVE, p. 96. 




Series. 


Sulphate. 


Depart. 


No. 


Sulphate. 


Depart 


Ill 


60 


117 

1 


1 


5 


-59 


I 


66 


140 

1 


2 


6 


54 


II 


80 


113 : 


3 


9 


14 






1 


4 


12 


72 






1 

1 


5 


9 


86 








6 


9 


28 


A 




1 


Mean, 







4r 

Sulphur. Synthesis of Sulphide. 


Table 12, p. 


98. 


STAS. 






DUMAS. 






No. 


Silver. 


Depart. 


No. 


Silver. 


Depart. 


1 


59 


81.4 


6 


10 


11.2 


2 


105 


84.6 


7 


10 


8.2 


3 


192 


84.8 


8 


31 


50.1 


4^ 


150 


78.2 


9 


31 


19.8 


b 


150 


92.9 


10 


31 


20.0 


ba 


249 


73.6 


COOKE. 






b 


249 


88.1 


11 


1 


-10.3 








12 


1 


18.4 



Chlorine. Synthesis op Chloride. Table 13, p. 103. 



STAS. 




1 


91 


2 


69 


3 


102 


4 


109 


5 


400 


6 


100 


7 


98 





MARIGNAC. 


31.4 


11 


80 


28.7 


12 


70 


29.5 


13 


65 


—22.3 


14 


92 


26.4 


15 


100 


—24* 


DUMAS. 




30.9 


21 


10 




22 


20 



—28.4 
—29.4 
-27.5 
—36.5 
—28.5 

11.7 
— 0.9 



Departures. Lead Compounds. 
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Bko^iine. 


Synthesis 


OF Silver Bromide 


. Table 14, 


p. 106. 


No. 


Silver. 


Depart. 


No. 


Silver. 


Depart. 


1 


53 


8.3 


11 


25 


2.2 


2 


51 


4.5 


12 


20 


19.8 


3 


00 


5.4 


13 


15 


— 8.0 


4 


56 


3.7 


Mean, 


20 


10.0 





48 


10.5 








Mean, 


53 


7.4 








Iodine. 


Synthesis 


of Silver Iodide. 


Table 15, p 


. 108. 


No. 


Silver. 


Depart. 


No. 


Silver. 


Depart. 


1 


98 


67.9 





24 




2 


44 


60.7 


6 


38 


58. ^6 


3 


28 


70.7 


7 


136 


58.4 


4 


40 


—67.0 


8 


82 


—68.2 



[Table 20.] 

TABLE OF DEPARTURES. 3d PLACE. 

METAL: LEAD. 



Nitrogen. Synthes 


JIS OF Le. 


AD ]N 


ITRi 


ftiTE. Ta 


Lble 8, p. 91. 


No. Lead. 
1 103 


Depart. 
72.9 


1 No. 
6 




Lead. 
124 


Depart. 
72.7 


2 141 


74.5 


7 




100 


69.0 


3 110 


85. 5 


8 




200 


63.1 


4 142 


74.0 


9 




250 


57.9 


ha 149 


41.8 


10 




250 


64.2 


b 


66.9 










SuTTiraary, p. 92. 
1, 7 101 


71.7 


8 




200 


63.1 


6 124 


72.7 


9, 


10 


250 


61.0 


2, 4 142 


74.2 










Sulphur. Conversion 


OF NiTRA' 


FE TC 


) Sulphate. 


Table 9, p. 93. 


4 142 


138.7 


8 




200 


113.9 


5 149 


103.5 


9 




250 


91.1 


7 100 


86.9 


10 




250 


95.2 


SuTTiTTiary, p. 93. 
7 100 


86.9 


8 




200 


113.9 


4, 5 145 


121.1 


9, 


10 


250 


96.1 
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Atomic Weights of Nitrogen. 



EXAMPLE: NITROGEN. 

In order to more readily understand the entire questioD, le 
will reprint in full the summary above given for the departures 
of Nitrogen as resulting from the famous syntheses of silTet 
nitrate made by Stas. Since the common atooiic weight o( 
nitrogen is 14, and since the departures are given in the third 
place, the departure 78 indicates that the corresponding synthesis 
gives as atomic weight of nitrogen 14 units and 78 thousandths, 
that in the value 14. 078. — It being understood that Ag = 108 
aijd () = 1G. 

STAS' SYNTHESIS OF SILVER NITRATE. 

Atomic Weight from Nitrate 

Fused. 

14.070 

14. 078 

14.067 

14.069 

14. 049 

'I'iio last vnluo has been corrected by reducing the barometric 
prfHHure form ol indies to 80 inches; see p. 83. 

TIiIh snmll table siiows the fact of the very considerable vari- 
fit Ion of tilt' atomio weights resulting from the best analyses made. 

(iUAIMIK^ UKPHKSENTATION OF DEPARTURES. 

'I \w jinportiuice of the subject, and the unexpected nature of 
\\n iifiulth, nmke it advisable to represent the data of the first 
l.il/li ( fur Sllvfi) jrraphicall}'. We have done so in Fig. 9, PI. Ill, 
vvjjrb iiri'iii'i\\\\^jr\y rei)resenls the departures of the atomic weights 
iti NJIioj/t'ii, Sulphur, Chlorine, Bromine and Iodine from their 
cumtnnn \nUivH M, ;>2, 35.5, 80 and 127. The weight of the 
.silver Hat^'l 111 iMirii experiment, has been taken as abscissa. The 
(kpartuje rt^tiiiltlng (from the analytical excess) has been repre- 





Silver, 


Atouii 


fo. 


Qramines. 


Dried. 


1 


77 


14. 092 


•2, M 


150 


14. 097 


8 


200 


14. 087 


•«, r, 


;u)0 


14. 076 


t; 


405 


14.050 
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sented as ordinate, the scale used being very large, the numbers 
representing units in the third place of the atomic weight. 

Of course, these curves represent the atomic weights of these 
elements resulting from their silver compounds when using the 
amount of silver specified by the abscissa. Now since in the 
original drawing, 10 in the third place were represented by an 
inch, the unit of the atomic weight corresponding is represented 
by 100 inches or 8J^ feet (2. 5 meters) ; that is the length which 
the ordi nates must be produced downward below the horizontal 
base of the drawing, to represent the atomic weight of hydrogen. 
The atomic weight of nitrogen therefore is represented in my 
original drawing by a length of 116§ feet (35 meters) flus the 
departure represented in the curve above that horizontal. In the 
same way, the atomic weight of chlorine is represented by a line 
3p6 feet (100 meters) long minus the departure represented in 
the original drawing. 

Since the printed cut is reduced to one-third the scale of my 
drawing, it follows that the unit of atomic weights, H=l, is rep- 
resented b}'' almost 3 feet (83 cm) ; that the atomic weight of 
nitrogen is represented by continuing the ordinates on the printed 
figure almost 39 feet (12 meters) downward, while for the atomic 
weight of chlorine they have to be continued almost 102 feet 
(33 meters) downwards, in round numbers. 

It is very important to keep in mind these true magnitudes 
in order not to be mislead by the apparently large departures 
represented in the figure. The case is exactly the same as in 
the representation of the elevation of a continent or in astrono- 
mical diagrams ; the abscissa is represented on a very small scale 
in comparison to that used for the ordinates. Compare p. 151. 

It would, of course, be absurd to suppose that the atoms of 
nitrogen vary in we^^^ht according as they jire constituents of 
silver nitrate made form 100 grammes or 400 grammes of silver, 
or according as the silver nitrate has been dried or fused. The 
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differences in atomic weights resulting froin the different ex- 
pcriments of Stas simply indicate and measure the chemical 
perturbations remaining beyond the control of the experimenter. 
They are in the nature of residual errors — but such as show a 
definite functional variation, and thus manifest a force over- 
looked — in this case, the chemical perturbation. 

We also see that in all cases, these departures of the atomic 
weight determined are a maximum for a certain absolute weight 
of the metal used for their determination, diminishing slowly for 
increasing weights, and generally much more rapidly for dimin- 
ishing weights. — These curves necessarily correspond to those of 
Plates I and II. See equation 41. 

Now, as the weight of the matter employed diminishes we 
approach the ideal determination of weighing a single atom. The 
true atomic weight is therefore that value, to which the curve of 
departures approaches as the weight of material used approaches 
this vanishing point or zero. That is, the true atomic weight of 
an element corresponds to the lower limit of the analytical excess 
and ratio, as expressed by our formula (21). 

r = lim. a (43) 

GENERAL CONCLUSIONS. 

To certain professedly prominent chemists who seem to have 
long ago lost all power of exact chemical and mechanical reason- 
ing by the habit of constructing elegant structural formulae of 
complex organic compounds, our limit method and its results 
will naturally appear as a new theory — ^for they never seem to 
have troubled their minds very much with the study of the 
methods of the exact sciences recorded in its history. We 
shall not undertake the hopeless task of supplementing their 
elementary training (Foot-note p. 84). 

But to the young chemists, who are still thirsting for 
knowledge and have not yet put goggles on their mind's eyes; 
to all older chemists, who have not entirely devoted themselves 
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"to the study of the tar-derivatives, and to all scientists who have 
thoroughly mastered the rudiments of mathematical knowledge 
and methods : the diagram (Fig. 9), representing the direct results 
of the most accurate chemical analyses ever made, does show 

I, that the atomic weights, determined experimentally, rep- 
resent variable quantities and not constants ; 

II, that the means of these determinations are taken in 
violation of the principles of science, and do not represent any 
physical quantity whatever ; 

III, that the individual values determined vary according to 
a definite law,, approaching a definite limit as the quantity of 
matter operated upon approaches zero ; and that this limit gives 
the true atomic weights on which chemical science is to be built. 

HISTORIC RETROSPECT. 

* 

If we throw a projectile by arm or gun under a definite angle, 
we do not expect it to describe a straight line, for we know that 
All Nature continues to act upon that projectile after it has left 
us ; gravitation converts the straight line into Galilei's para- 
bolic orbit, which, by the resistance of the air, is further modified 
into the ballistic curve proper, with its final vertical asymptote 
which the projectile descends with uniform velocity. — The tra- 
jectory of atomic departures evidently resembles th^ trajectory 
of a projectile. 

If we observe the great system of the sun, we see, with 
Copernicus, the planets all revolving around the central light; 
upon closer inspection we learn, with Kepler, that these orbits are 
not exactly circles, but ellipses of small excentricities, the sun 
being the common focus of all ; with Newton, we next see how 
these motions are produced, but also notice the harmony partly 
destroyed by apparently irregular and even threatening displace- 
ments and changes in velocity, called perturbations ; but with 
Laplace we learn, that these perturbations themselves form a 
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new harmony of a higher order, and finally we become able, with 
Lkverrier, to recognize the unseen worlds beyond in the slow 
tremors of perturbation of the furthermost planet sof ar observed. 

The general course of scientific research is the same in the 
different forms under which the same nature appears to man. 
The course of the science of the chemical atom will therefore 
resemble that of her elder sister of the cosmical atoms. 

Chemists have, with Lavoisier, established the fixed specific, 
individuals of matter, the elements. Berzelius has experiment- 
ally dcmontrated the laws of Dalton on the fixed, simple mul- 
tiple proportions in which these elements combine. Dumas has 
determined two of the most important atomic weights with pre- 
oiHion, and made it probable that another Great English 
Tiionurr, the so-called Hypothesis of Prout, slightly modified, 
irt oHHOiitially conform to nature. 

Tlio empiric system of Stas now swept all before it, while 
nu)Ht ohomists of one of the leading nations retired to a tar 
l»nrroK* mid after taking a look at the results of Stas through 
I ho \n\\\^ \\oU\ declared the hypothesis of a common multiple 
In IIm» atiunio weights of the elements a chimera. 

If imtronomy had been cursed with such a period of empir- 
litlQin, HM hiiH liofalloii chemistry since 1860, the laws of Kepler 
^vniild liavo hooii blotted out as chimeras, and for universal gravi- 
hitiuii UuTo woulil have been no foothold; cycles, more refined, 
hut t»t I ho muuo ^enoral character as those of the Egyptians and 
C'haliU:aMei, wtMjIil !>e used where now the theory of gravitation 
hari iii;viili>ptnl into the grandest science, the glory of mathemat- 

jciil riMihiHiing. 

In .showing that Stas and liis school did not understand their 
i)\vn ijxporiniental ilata, and that, therefore, they were not com- 

♦ Nnl t'nilnly f»»r l^lt»a^.ur^^ but very much for profit. They now boastfully 
hi.sl.sl tlwit ila' rlu'iul.Nih nf Ihf otluT nations "jrot left." With all due respect 
fin thi' sciinllH*' ri!,ults ln«'l(lentally obtained, I am reminded of Schiller's 
t'Xt-t'lU'Ut (It.'finlliim of Si'Umu'o: 

KliuMn Lsl sU« iWv hohe, hlmnilische Gdttin, deni Andern 
Eini? tUilitige Kuh, die ihn mit Butter versorgt. 
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petent to draw the coDclusions they did, we have cleared the field 
for deeper research. We have next shown that the best deter- 
minations made in the laboratory by the best analysts, including 
- Stas himself, cannot remove the perturbations of surrounding 
"; nature ; that it therefore is as impossible to obtain constant 
values for atomic weights with increasing amounts of matter^ 
as it is to project a body in a truly horizontal line with increas- 
. ing velocity of projection; that finally the conflicting individual 
r. determinations have their common limit for a vanishing amount 
: of matter in the true atomic weights of the elements. 

These Atomic Weights Are Absolute and Fixed by 
r Nature, not by some superficial government calculator, invited 
by some society of friends to furnish them, once a year, the 
atomic weight quotations from the stock board of the performing 
chemists. Empirics have, in these days of vaunted liberalism, 
finally reached the same state in science which they so roundly 
denounce when they recognize it in the Church about the time of 
the Reformation. It was just as proper and equally as comfort- 
ing to the mind, unwilling to reason for itself, to accept the 
dictum of a Pope, as for chemists to take their constants of 
Nature from a department of our Paternalistic Government. I 
may be permitted to add, that those who relied on the Pope were 
no more likely to be mislead, than their present representatives. 
In the third part we shall learn that the True Atomic 
Weights of Nature Indeed Are Exact Multiples of Half 
THE Atomic Weight of Hydrogen, and finally, that all elements 
are compounds of one single primitive substance, the Pantogen. 

A HISTORIC PARALLEL. 

In their very essence, the true atomic weights are physical 
constants of nature ; for the atoms are the only physical units of 
the material world, if they exist at all. 

Near the close of the year 1892, I began the long deferred 
publication of a series of Notes in the Comptes Rendus of the 
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Academy of Sciences of Paris, showing by numbers and curves 
that tbe atomic weights resulting from the individual determin- 
ations of Stas are in no wise constants, but exhibit a marked 
regular variation as function of the amount of matter employed 
in the individual determinations. 

In the present work the subject of these Notes has been more 
fully developed, by presenting all the necessary details. The 
Fact stated is undeniable. The atomic weights resulting from 
Stas' determinations are not constants, but variable quantities. 
By arbitrarily selecting the amount of silver, we could obtain an 
indefinite number of systems of atomic weights from the deter- 
minations of Stas. This would certainly be more scientific than 
the fashionable habit of throwing away those determinations 
which do not agree with preconceived notions. 

Now, does the history of science offer a parallel ease, in which 
careful determinations of facts have proved the value of a natural 
constant to appear actually changing to a notable extent? If so, 
the historic parallel might prove useful to calm the minds of 
chemists that seem to have been disturbed by our preliminary 
representation of facts in the Comptes Rendus. 

To my knowledge, the history of science furnishes only one 
such panill^ case, nameh' the discover}', by Halley, of the secu- 
lar variation in the motion of the moon. The astronomers of his 
day have, like the chemists of to-day, tried to deny the reality of 
the apparent paradox ; but the eclipses observed by the Chal- 
deans, the Greeks, the Arabs and the Modern Astronomers 
establish the progressive variation in tbe time of revolution of 
the moon, exactly' as the analyses of Dumas and of Stas have 
shown us the gradual variation in the atomic weight, dependent 
upon the amount of matter taken. 

A century has elapsed since Laplace* traced the cause of 

* Laplace, Systeme du Monde. III. edition, Paris, 1808, pp. 222—225. This 
subloct lias since been developed by Adams, C'ayley and Delaunay. The question 
of tne exact constancy of the length of day has also l)een brought into this dis- 
cussion especially l3y Delaunay. 
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t;he secular variation of the moon's motion to the slight variation 
of the excentrieity of the earth's orbit. The cause of the vari- 
ation in the values of the atomic weight we have shown to be due 
to chemical perturbation, the expression of minute impurities 
and deviations from perfect homogeneity. We have also shown 
how, by our limit method, we make ourselves completely inde- 
pendent of these minute perturbations and obtain the exact value 
of the true atomic weights of the elements. 

It is interesting to notice that in the case of astronomy, de- 
pending for its facts upon observation, it has required twenty- 
five centuries of careful observation to recognize the existence of 
this secular variation, while in Chemistry, facts being obtainable 
at will by experiment, it was sufficient to increase the weight of 
silver used from one to two hundred and fifty grammes, in order 
to produce the variation of the atomic weight of sulphur so strik- 
ingly shown in our diagrams representing the experiments of 
Cooke, Dumas and Stas. 

If our modern chemists, who insist on being recognized as 
leaders in our science, had devoted some of their time of study 
to those branches of the science of Nature which have attained a 
higher degree of development, than chemistry had reached in 
their school days, they would not have placed on tll^ pages of 
the annals of chemistry so glaring confirmations of the truth of 
Z tchtenberg' s keen remark which for over a century has enjoyed 

perennial youth : 

Wer nur Chemie versteht, 
Versteht auch die nicht recht. 



CHAPTER ni. 



A RATIONAL SYSTEM OF 



ATOMIC WEIGHTS. 



We are now ia the possession of a method by which a single 
series of determinations will give us the true atomic weight of a 
given element. We therefore must next unite the determinations 
for the different elements into one system, by the adoption of a 
proper Standard Matter and a suitable Unit of Value. We 
can thereafter select the chemical processes and the proper order 
of succession and combination of the same, to secure the deter- 
mination of the true atomic weights of all the elements. 

Having aeen to what enormous extent chemical perturbations 
modify the values of direct experiment, we cannot allow any in- 
direct determinations nor any of the multiple linkings practiced 
in the system of Stas. 

If we desire the atomic weight of chlorine, we must directly 
compare it with that of an element the atomic weight of which is 
known with precision, say silver ; it will not do to obtain it by 
two processes, both of which are untrustworthy — such as the 
silver chloride reaction in the wet way and the potassium chlorate 
reaction in the dry or wet way — and fondly imagine that the 
process of mathematical elimination will remove any of the 
numerous chemical errors, or that the process of mathematical 
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elimination can give true values when the actual quantity elim- 
inated from two equations is not identically the same in both. 

These erroneous methods have become so ingrown into 
modern Cheroistr}", that we cannot often enough protest against 
them. I have already in an early Note in the Comptes Rendus 
(T. IIG, p. 695 ; 1893) given considerable detail on this subject. 
I may, therefore, pass the same with the following simple illus- 
tration. 

The determination of the true atomic weights of the different 
chemical elements may be compared to the determination of the 
principal points of a country by tri angulation. Now, the first 
thing that is done is the establishment of fixed marks ; all labor 
would be lost if the points themselves were not perfectly definite 
and fixed, so that they can be found again at any time. 

But in the determination of the atomic weights, chemists have 
constantly changed their points of comparison, their standard 
values. In the Note referred to 1 have shown how the fact that 
the true atomic weights at best differ but slightly from the com- 
mon whole numbers, could have been utilized by Chemists. We 
have, in the preceding chapter, fully developed that matter, and 
shown how the departures (ecarts) are determined. 

Again, the determination of the atomic weight of^an element 
may be compared to the determination of the place of the ship 
on the ocean. Two methods are used ; by means of the log and 
compass, and by observations of the sun, moon and stars. Now 
during storms and in cloudy weather, the log is the only method 
available — but its results are known to be necessarily very unre- 
liable. The first clearing of the sky is therefore taken advantage 
of for making an observation of the fixed or accurately known 
points of the heavens to obtain the ship's place with certainty 
and reasonable accurac3\ 

Now the former method in chemistry corresponds to the use 
of multiple proportions, none of which is known with accuracy. 
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while the latter corresponds to the use of simple and direct 

chemical reactions only and their reduction by the limit method. 

We will now take up the subject of this chapter in detail. 

A. STANDARD OF MATTER. 

It seems that chemists have not yet felt the necessity of 
adopting a standard of matter for atomic weight determinations. 
Therefore the exact and certain determination of the atomic 
weights of the elejnents remains yet to be made. The units of 
these atomic weights, in use for about a century, do not meet the 
scientific conditions of standards which in physics and even in 
engineering have been satisfied. 

The International Metrical Bureau has not adopted the defi- 



nitions of a century ago, but the Material standards which 
Lavoisier and Hauy were prominent in establishing as members 
of the commission. 

Berzelius adopted oxygen as term of comparison ; also in this 
selection he was far ahead of those who have succeeded him and 
for a time forced hydrogen upon chemistry as the term of com- 
parison. Since it is well known, that the different determinations 
of the atomic weight of hydrogen by different chemists of repute 
vary to the extent of one per cent, it is folly to continue its use. 
It is characteristic of modern scientific chemistry that the use of 
such a unit as hydrogen could be seriously considered, and its 
continued use be made a subject of protracted discussion. 
Lothar Mayer, Clarke, Van der Plaats and others have adopted 
or defended the hydrogen unit ; Ostwald and some English 
Chemists, have shown the folly thereof. However, the Meyer- 
Seubert system is bound to live a long life yet — for it is absurd. 

But Oxygen, while infinitely superior to Hydrogen as a term 
of comparison, is not fit to be adopted as a real standard of mat- 
ter for an exact system of atomic weights. No gas can be used 
as such. It would be like using an india-rubber meter standard, 
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under fixed conditions of temperature and tension. Liquids are 
also out of the question. 

The standard of matter for a system of atomic weights must 
be solid ; compact, to avoid absorptions of gases (Dumas, p. 19) ; 
it should be hard, to resist the mechanical effects of handling ; it 
should possess sufficient chemical resistance, to permit the re- 
moval of all accidental associations by protracted boiling in aqua 
regia; and above all, it should be assuredly chemically pure, 
except such minute mechanical Inclusa as will resist the chemical 
process selected and remain unchanged in weighable form at the 
close of the process. I know only one element that meets all 
these requirements. It is the diamond. It is accordingly this 
substance that must be adopted as standard of matter for our 
rational system of atomic weights. 

Next, it is necessary to adopt a suitable unit. Here it is ad- 
visable to conform as much as possible to the units in actual use. 
Disregarding the hydrogen unit for the reasons given, we put 
the diamond at 12 exactly ; for we know, that the oxygen will be 
nearly 16 and hydrogen nearly one^ conform to the numbers 
in use. 

Accordingly, the stajtdard of matter is carbon in the form of 
the diamond, and our nnit is exactly one-twelvth of the atomic 
weight of this carbon. 

Theoretically it would be preferable to adopt half this value 
as unit ; but we can obtain all the theoretical advantages with 
C = 12 and will avoid the confusion that would result from the 
great change of the unit. 

B. The Fundamental Determinations op Dumas. 

Since Moissan has formed a series of crystallized metallic car- 
bides by means of his electric furnace, we may hope that some 
of these new compounds will be obtained in sufficiently pure form 
to permit atomic weight determinations. Subjected to the method 
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deTisecl by Dumas for the combustioii of the diamond, the car- 
bide would give, as residue, the oxide of the metal, while eaibon 
dioxide would be collected aod weighed. 

Uutil these crystallized carbide:} shall have been produced in 
the pure state, we nuist counect the other elements with tite 
standard of matter by means of the three elements — oxygen, 
hydrogen and calcium — which have fonned the subject of the 
fundamental determinations of atomic weights by Dumas, and 
which seem destined to remain the basis of the experimental side 
of all atomic weight determinations. 

The order in which these elements are utilized is as follows: 
Oxygen, Hydrogen, Calcium. 

I. THE ATOMIC WEIGHT OF OXYGEN. 

The famous combustion of the diamond was made by Dumas 
with the object of determining the atomic weight of carbon. But 
this was an error, due to the Berzelius unit of oxygen being then 
in use. 

The weight of ox3'gen was not determined by Dumas ; theonly 
dU'ict weigh higs he made were those of the diamond and the 
carbon dioxide produced. A quantity not directly determined 
cannot be made the basis of systematic calculation ; it is affected 
by all the errors of all the direct determinations of the weighings 
actually made. It is a dependent variable. 

The carbon was weighed by Dumas with precision in the form 
of diamond — corrected for the residue remaining. The carbon 
dioxide was also weighed with precision. Our general equations 
(37) and (38) will, in this case, become, since the common 
values are O = IG, C = 12, CO2 = 44, and o designating the 
departure of oxygen, 

p 44 + 2 o ,0 

a = - = = r H — • 

q 12 ^6 



Atomic Weight of Oxygen. 177 



eDce 

0= 6 (a — r) = 6e 

Since no real Series of determinations has yet been made, we 
<5an take the mean of the actual experiments of Dumas, ranging 
::froin 7 to 14 decigrams of diamond; see p. 21. The mean ana- 
Ijtical ratio is a = 3.6663, the common atomic ratio is r = 3.6667 
xounded off to 4 places. Hence the mean analytical excess is- 
— 0.0004 and the departure of the atomic weight of oxygen from 
16 is o = — 0.0024 giving the atomic weight O = 15.9976 or to 
iihree places O ^ 15.998. The atomic perturbation is — 0.00015 
or 15 units in the fiftl^ place. 

It is evident that we need a carefully made series of com- 
bustions of the diamond, in which from one to ten grammes of 
diamond ought to be used in the individual determinations. Such 
a series will determine whether the true atomic weight of oxygen 
is 16 exactly. 

In most cases we can neglect this minute perturbation of only 
a ten-thousandth ; where that is not permitted, and the results 
are to be given in their empirical form, we must allow for the de- 
parture — 0.0024 and the perturbation — 0.00015 of oxygen. 

There can be no doubt that both departure and perturbation 
are really zero. 

II. THE TRUE ATOMIC • WEIGHT OF HYDROGEN. 

We have given (p. 21-23) a general exposition of the famous. 
Synthesis of Water by Dumas. His determinations constitute 
Mh^Jirst true series of determinations ever made in this branch 
of science. In the Comptes Rendus I have presented a pre- 
liminary reduction of that series (T. 116, p. 754-756 ; 1893) such 
as could be understood directly. Here we can give a complete 
reduction conform to the principles established in the first part. 
Table 21 gives all the data in the usual form. Figure 10 repre- 
sents the same graphically. Seepages 178 and 179. It will be 
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:Table 21.] 
DUMAS. SYNTHESIS OF WATER. 



A. 

N'o. 


Abi$olate Weljrbu. 
Oxjgen. Water. 


Analytical 
Ratio. £xcese. 
6th place. 


ponnt 


1 


13.179 


14. 827 


0.888 852 


37 


39 


2 


20. 362 


22. 905 


976 


87 


-88 


3 


20. 495 


23. 053 


9 038 


149 


-151 


VJ 


30. 827 


34.677 


976 


87 


87 


16 


36. 789 


41.390 


838 


— 51 


51 


8 


45. 887 


51.623 


887 


— 2 


2 


10 


51.838 


58. 320 


855 • 


— 34 


U 


11 


52. 508 


59. 078 


791 


— 98 


99 


4 


57. 004 


64. 133 


840 


49 


49 




Mean 






5.8 


— 6 1 


B. 












18 


32. 133 


36. 175 


0.888 266 


—623 


631 


17 


34. 102 


38. 458 


294 


595 


631 




34.811 


39. 178 


534 


—355 


359 


6 


43.571 


49. 047 


352 


—535 


544 


14 


51.838 


58. 360 


245 


—644 


652 


15 


56. 483 


63.577 


419 


—470 


476 


9 


60.031 


67.583 


056 


—833 


641 


13 


62. 090 


69. 899 


282 


—607 


615 


5 


76. 362 


85. 960 


367 


—522 


529 




Mean 






—576 


564 



c. 



Erdmann and Marchand. 



25 


37.034 


41.664 


0. 


888 


873 


— 16 


16 


26 


39. 195 


44.089 . 






998 


109 


—110 


27 


47.321 


53. 232 






957 


68 


69 


28 


49. 460 
Mean 


55. 636 






993 


104 
66 


105 
— 67 
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noticed that the analytical excess and the departure are nearly 
equal but of opposite sign, when they are expressed respectively 
in units of the fifth and fourth place. Thus the two sets of I ^ 
marks — open circle for departure, filled circle for excess— are 
almost exactl}' symmetrically located in reference to the axis of 
abscissae on which the weight of water produced is set off. 

Since in these experiments, the weight of water is determined 
with the greatest precision, and that of oxj-gen only by difference 
of the weighing of the copper oxide tube or bulb, the analytical 
and the common atomic ratio are 

^^Oxygen r = l^ == 0. 888 889. 

Water 18 

In this case, it is more accurate to determine the atomic 

weight of the hydrogen by calculating the atomic weight x of the 

water from the experiment; for = 16, namely 

,^ Water 16 

X = 16 = — 

Oxygen a 

subtracting 16, and dividing by 2 ; the departure from unity is 

given in table 21. 

Inspection of the figure or the table shows plainly that the 

series of Dumas was a double one, made under two quite different 

conditions. The two series cannot possiblly be combined to one 

though that has been done by Dumas himself and by all recalcu- 

lators (Clarke, Sebelien, etc.) The nine determinations of 

Series A all fall close to the axis of abscissae, and give the mean 

value 

H = 1. 000 06. 

The nine determinations B form a parabolic curve, and can 

therefore not be combined to a mean. The three determinations 

7, 17, 18, give a mean that is a mere trifle above the curve, while 

the mean of 9 and 15 is as much below the curve. This puts all 

determinations on the curve, excepting No. 6, which remains 

very little above the same. — The great deviation of No. 5 in the 
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preliminary curve is here avoided. No. 12 has been omitted by 

all calculators, on account of a palpable error. 

The maximal depression of the curve is 63 in the 5th place 

for 60 grammes of water, so that u=120, hz=0. 000 63 (See 

p. 149). Consequently the coefficients of the parabolic trajectory 

are, by (25) 

k= 0.000 021 

k' = 0. 000 000 18. 
These values are approximately two hundredthousandths and 
2 ten-millionths only. 

Since the curve gives the analytical excess zero for vanishing 
weight of water formed, the limit of the atomic weight of hydro- 
gen is unity exactly. 

Accordingl}', the two series of determinations A and B lead 
to exactly the same result, A direct, B by limit. They are in no 
way conflicting. But what experimental peculiarities caused 
this grouping of the determinations of Dumas? 

I have repeatedly examined the original paper by Dumas 
(Annales de Chimie et de Physique, T. 8, p. 189-207; 1843) 
without finding any remark plainly bearing on this fact, which 
as stated, has remained unknown to Dumas himself, as well as to 
his revisors and recalculators. 

The only statement which may contain the explanation of 
this divergence is found on page 198, where Dumas says that he 
is perfectly satisfied if he has established the atomic weight of 
hydrogen to a twohundredth, that is to half of one per cent, and 
continues : 

''I had intended to reach the thousandth but I have not been 
able to accomplish it and must leave to more skillful hands the 
merit to reach that degree of accuracy. It has happened to me 
that in the same measure in which I increased the amount of 
water formed and the duration of the experiment^ dfverse causes 
of error appeared to complicate the weighings and to diminish 
their precision." 
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Now, in the experiments A the amount of water prodneci 
runs from 15 to 65 grammes, in B from 35 to 85 grammes. For 
only three experiments of the nine of each series the weights in 
A were below and in B above the range which they have in com- 
mon from 35 to 65 grammes. Accordingly, the division into 
groups A and B is not due to increase in weight. 

Nor is this di>ision due to order of succession, or acquired 
habit of the experimenter, as shown by the enumeration of the 
experiments in two lines, corresponding to the two groups A 
and B: 

A: 1,2,3,4 8-10,11 16 19. 

B : 5,6,7-9 13, 14, 15 — 17, 18 — . 

Accordingly we are forced to see in this remarkable division 
of tlie determinations of Dumas an effect of the time oj" the dur- 
ation of the experiment. The determinations of series A must 
have been completed in considerably less time, than those of 
series B, weight for weight. 

We may regret the absence of positive information on this 
subject in the record of Dumas ; but when we consider, that 
chemists even to-day have not yet grasped the fact that the 
amount in weight operated upon influences the composition of 
the resulting product, though for thirty years the records of Stas 
have offered the experimental evidence of this fact, we ought to 
be ready to admire the wonderful chemical acuteness of Dumas, 
which enabled him distinctly to recognize, fully fifty years ago. 
both amount of matter and duratio7i of the reaction as causes of 
what we now know to be chemical perturbations. 

In the table as well as in the diagram, we have entered under 
Nos. 25 to 28 the four determinations (Nos. 5-8) of Erdmann 
and Marchand in which they weighed the copper oxide tube after 
complete exiiaustion b}' an air pump. It will be noticed that 
their determinations (Series C) coincide with series A of Dumas. 
Since they used a reduction tube^ the time occupied in reduction 
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must have been less than in the experiments of Dumas who used 
the spherical bulb. We therefore would expect their results to 
fall into line with series A of Dumas. 

As general result we have for all determinations made, H=l 
exactly, if 0=16, exactly. 

III. THE TRUE ATOMIC WEIGHT OF CALCIUM. 

'» 
After his clear discussion of Berzelius opinion on the hypo- 
thesis of Prout (p. 202, 1. c.) Dumas prefaces his elegant work 
on the dissociation of Iceland Spar, by saying : 

"To verify their (the atomic weight's) accuracy and in order 
to control the other atomic weights, it will be necessary to enter 
the way opened by the new analj-sis of carbonic acid (i. e. his 
combustion of the diamond) ; that is to say, we must make ana- 
lyses or syntheses on a large scale^ effecting very simple reac- 
tions on very pure substances,^^ 

If instead of "large scale" we say a series of increasing 
amounts of matter, this word of Dumas may be taken to-day as 
the safest guide to obtain the true atomic weights. 

Thirt}' grammes of the Iceland Spar used by Dumas was 
found to contain 4 mgrs. of silica and 5 mgrs. of ferric oxide ; 
also traces of magnesia and manganese oxide. The total fixed 
foreign residue is therefore 9 mgrs. in 30 grammes or 0. 00030 
per unit of weight. 

The common atomic weight of Calcium being 40, we have the 
atomic ratio of the dissociation 

r = — = 0. 560 00. 
100 

The results of Dumas' determinations are given in the fol- 
lowing table : 





Analytical 
Katio. Excess. 


0. 


56 123 


123 




053 


53 




066 


66 
30 
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DISSOCIATION OF ICELAND SPAR. 

Weight in Grammes. 
No. Spar. Residue. 

1 49.916 28.016 

2 50. 497 28. 305 

3 64. 508 36. 167 
Excess due to impurity 

This would leave an analytical excess of 93, 23 and 36 in the 
fifth place. 

Erdmann and Marchand have also made two determinations 
on Iceland spar, reported in the same volume of the Annates 
p. 213. The analytical ratio was 0. 5609 and 0. 5618 respectively 
for about 4. 1 and 4. 5 grammes of spar. But since this spar 
contained 0. 0004 fixed impurities, the analytical excess would 
be 5 and 14 in the fourth place. 

These authors now prepared artificially pure calcium car- 
bonate with extreme care, and subjecting this product to most 
careful dissociation, they obtained the following results (1. c, 
p. 214): 

DISSOCIATION OF CALCIUM CARBONATE. 



No. 


Weight in 
Carbonate. 


Grammes. 
Residue. 


Analytical 
Ratio. Excess. 


1 


8. 2335 


4. 6135 


0. 56033 


33 


2 


10. 8850 


6. 0940 


5985 


—15 


3 


10.1315 


5. 6740 


6004 


4 


4 


5.5310 
Mean 


3. 0970 


5994 


— 6 
4 



A simple calculation will show that this excess produces a 
departure of 0. 004 on the atomic weight of calcium, or a per- 
turbation of 0. 0001. 

Accordingly, the atomic weight of calcium is 40 with a 
possible departure of 0. 004 and a perturbation of 0. 0001. 

These dissociations should now be repeated, and regular 
series of determinations made so that the limit method can be 
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appliecV There can be no doubt but the result will be Ca=40 
exactly, 

IV. Recent Determinations of the Atomic Weight 

OF Hydrogen. 

Here we might close this section, were it not for the fact that 
modern chemists have so long disregarded the value of Dumas 
syntheses of water, and have so exaggerated ideas about the 
transcendent importance of more recent determinations of the 
atomic weight of hydrogen, that it seems advisable to give a 
summary of these experiments and their bearing on the true 
atomic weight of hydrogen. 

I think this can be accomplished in the best manner by in- 
serting a translation of my Note kindly presented by M. Berthelot 
at the meeting of the French Academy of Sciences of November 
13, 1893 and published on pp. 663-666 of Vol. 117 of the Comptes 
Rendus. The pages of the original are given inlbrackets [ ]. 

[GC3] ''Determination of the True Atomic Weight of 

Hydrogen. — By Mr. G. Hinrichs. 

"The limit method has permitted us to demonstrate that the 
absolute value of the ratio H:0 is rigorously 1:16, taking as 
basis for our calculations the admirable series of determinations 
of Dumas on the synthesis of water (Comptes Rendus, T. CXVI, 
p. 753; 1893). Very careful determinations made by eminent 
chemists during recent years seem to be in conflict with this result. 

"The following are the mean values obtained for the atomic 
weight of hydrogen, that of oxygen being taken as 16. 

E. H. Keiser 1888 1. 0032 

Cooke and Richards 1888 1. 0025 

The same 1888 1.0085 

Dittmar and Henderson 1890 1 . 0085 

E. H. Keiser 1891 1.000 

E. W. Morley 1891-93 1.0075 
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ConsideriDg these values as means, obtained by chemists of 
eiiual einioeuce but by different methods, we must [664] admit 
that there still remain residual errors, equal to the entire deput- 
ure affecting IIz=l. (Comptes Rendus, T. CXVI, p. 696 ; 1893). 

**But we have shown that in Chemistry of Precision it is not 
admissible to rely on mean values, but that it is necessary to 
take into account all individual values obtained. Furthermore, 
we have seen that the residual errors* vary as function of the 
total weight eniploj'ed. I have therefore marked graphically, 
and on a sutliciently large scale, each individual determination 
by a point for which the abscissa is the weight of the hydrogen 
employed, while the ordinate is the atomic weight of the hjdro- 
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gen found. The figure here inserted is a reduction to one-fifth 
of this graphical construction. 

''We see at once that modern chemists have not effected a 
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series of experiments with variable weights, as Dumas had done ; 
every one of them has confined himself to different determina- 
tions for nearly the same weight of hydrogen. 

''I am indebted to the kindness of Mr. Edward Morley for 
the communication, by letter of March 16, 1893, of all unpub- 
lished numerical values of his admirably concordant determina- 
tions, and he has also permitted me to publish them in graphic 
form, which can be seen at the regions marked F and G in the 
above figure. It will be noticed that in the experiments 1 and 2 
he has used nearly the same amount of hydrogen, say 3.28 
grammes (See F) ; in the ten other [665] experiments (Nos. 3 
to 12) he has also employed almost identical weights of hydrogen,, 
say 3. 83 grammes (See G in the Figure). 

« 

"Mr. Ostwald has given the mean of the experiments of 
Dittmar and Henderson in 1891 (Zeitschrift, VII, p. 521) ; but 
the mean alone is good for nothing. The C/ie?ffical News has 
during last winter, published the numerical values in extenso^ 
and I am indebted to the kindness of Mr. F. Dittmar for a copy 
of the complete Memoir of his father, deceased. I have thereby 
been enabled to represent the 13 determinations in my drawing ; 
for three of these (D), tlie weight of the water formed was 19.4 
grammes; for the other ten determinations (see E), the weight 
of the water was very nearly 24 grammes. Dittmar has especially 
endeavored to perfect the purely chemical part of the problem 
of the determination of atomic weights ; he has most carefully 
studied all the possible errors of the apparatus used by Dumas, 
and has succeeded, by remarkably ingenious accessory devises, 
to avoid them. But the variation from 1. 0042 to 1. 0114 of the 
atomic weight found by him shows plainly, that every complica- 
tion of the apparatus used or of the processes employed only 
increases the residual errors. 

"The ten determinations of Mr. Keiser (American Chemical 
Journal, X, 260; 1888) have been represented around their 
mean at C. 
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"The position of the points C, E and G shows, that the de- 
partures from H=l are undoubtedly some function of the 
weight of the hydrogen employed. The methods of these three 
chemists not having been identieal^, it is not possible to eombiDe 
them into one series for the rigorous application of the limit 
method. However, it may be admitted that the three means 
represented at C, E and G are comparable in degree of precision, 
each one being the result of about ten determinations on the 
identical quantities of hydrogen weighing respectively 0.66, 2.66 
and 3.80 grammes. The three points mark a parabolic trajectory 
passing through the origin A. 
' The very simple formula 

d = — [5^ - h^] 
5000 '- -" 

in which h is the weight of hydrogen used and d the departure of 
the atomic weight of hj^drogen from H =: 1, represents suf- 
ficiently well the trajectory of residual errors, as is shown by the 

following table : 

Keiser. 

Water produced 5.89 

Jl^'drogen employed 0. 66 

(1 cdculated 3. 27 

d observed 3.17 

[666] '' For the limit h = o we obtain d == o ; consequently 
H is rigorously equal to unity. There is, accordingly, no con- 
flict whatever, between the determinations of Keiser, Dittmar 
and Morley, which to us appear simply as identical values, 
affected by residual errors determined by the given formula and 
depending on the total weight put into use. Furthermore, these 
recent results confirm the masterful determinations of Dumas. 

"By letter of April 29, 1893, Mr. Keiser has favored me with 
some important details about his remarkable method of effecting 
the synthesis of water at ordinary temperatures. In a prelim- 
inary experiment, the palladium absorbed 0.1797 grammes of 



Dittmar. 


Morley. 


24.0 


34.2 


2.66 


3.80 


9.53 


8.03 


9.12 


7.50 
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hydrogen which combining wilh 1.4374 gr. of oxygen, produced 
1.6169 gr. of water, an amount almost identical with the sum 
1.6171 grammes of the gases taken. This experiment gives 
H = 1.00025. It marks the point A af the figure above give'n^ 
We await with the most livel}' impatience the final determinations 
which Mr. Reiser is going to make soon according to this 
method, and which probably will give us negative departures. 

''It has long been known to be impossible to project a body 
so as to describe a horizontal line ; the greater the velocity 
of projection the smaller is the deviation from the horizontal for 
a given distance. In the same way, we have seen here that it i» 
impossible to make the parabolic trajectory of residual errors 
coincide with that horizontal straight line of which the ordinate 
is the value of the constant which is sought to be determined by 
experiments in Chemistry or in Physics." 



Since this paper was published, the interesting experiments, 
of Julius Thomsen have given H = 0.9992 (see p. 60). This is 
0.0122 below the highest value found by Dittmar, making the 
total deviation in the different determinations of the atomic 
weight of hydrogen 1^ per cent ! 

It is not necessary here to study the new method of Thomsen- 
The " corrections " or rather " reductions " applied by him are 
enormous, and the compound reminds us a little of the Con- 
somme Pelouze. At any rate, Thomsen comes within one thous- 
andth of the true value — and is nearer the truth than the more 
pretentious workers. 

C. THE RATIONAL SYSTEM OF ATOMIC WEIGHTS. 

We have carefully selected the be^ possible standard of mat- 
ter, the diamond. We also have by the process of Dumas, 
determined the fundamental atomic weights of Hydrogen, Oxy- 
gen and Calcium in reference to the standard adopted^ namely 
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C = 12, assumed ; 

H = 1, O = 16, Ca = 40 exactly, found. 

Of the three determined weights, only that of hydrogen h: 
thus far, been obtained by the limit method. Until the s& 
shall have been applied to the determination of the other 1 
also, it is possible for the empiric to say that the departure 
these atomic weights may reach a couple of units in the th 
place. 

Now, all other atomic weights are to be determined, by s 
pie processes of analysis or synthesis, exclusively gravimetric 
their nature, and best by an application of the limit method. 
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Fig. 12. 

Furthermore, we need a graphical representation of the en 
work, permitting to see at a glance in what manner any gi 
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atomic weight has been determined, what its departures are, and 
also showing to the eye the values found. 

For tiiat purpose I place the primary element on a parabola 
and use the secondary axis as the place for the secondary atomic 
weights determined in reference to the former. See Comptes 
Rendus, T. 117, p. 1075 ; 1893. All secondary axes of this curve 
being parallel straight lines, the atomic weights of all elements 
will be shown in their true magnitude, if we measure from a line 
parallel to the common directrix of all. 

The dimensions of the parabola are determined by placing 
carbon in the vertex and calcium in the focus. The vertical zero 
line therefore is distant 16 from the directrix. Then oxj^gen, or 
any other primary element is located on the parabola so that its 
distance from the zero line measures its atomic weight. On the 
secondary axis drawn through this point so determined, will be 
marked all atomic weights determined by means of oxygen, at a 
distance representing the atomic weight actually found. See 
Figure 12, which was printed in the Comptes Rendus, and there- 
fore shows the old French terminations -ures^ instead of our 
common English -ides for binaries. Only the most important 
details have been entered in this figure. 

We have furthermore reserved the upfer branch of the para- 
bola for ternaries and the lower for binaries. Let us consider a 
few special details. 

The Oxides are located on the secondary axis drawn through 
the point O, which is that point of the lower branch distant 16 
units from the zero line. On this line have been marked the 
places of H, P, Fe, Zn, Cd, In and Hg, the values of which have 
been determined by combustion or reduction. 

H =: 1 exactly, as shown above, by Ihnit method. 

F = 31. Schrotter's experiment gives a mean departure of 
0.029. Van der Plaats' combustions of yellow phosphorus give 
—0.023 (Ostwald's allg. Chem., I, p. 101). The mean of these 
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departures is only 0.003. The mean perturbation accordingly is 
0.0001. 

Fe = 56. Berzeliiis reduced the departure to 0.05. Erd- 
maim and Marchand reducing by hydrogen the oxide obtained 
from ferro-oxalate, obtained (Sebelien, p. 186) in series A the 
departure — 0.0176, while series B gave 0.1072; the general 
mean is 0.0448. Maumen^ obtained as mean of six determina- 
tions the departure of 0.0016 only. 

Zu = 65.5. Berzelius' determinations give the departure 
0.10. Morse and Burton's determinations give the mean depar- 
ture — 0.23. These determinations are insufficient, and call for 
careful repetition, using the limit method. 

Temporarily we have to accept the determinations of Glad- 
stone and Hibbert, 1889, though they are not chemical determin- 
ations proper, being Faraday's electrolytic equivalents. 

For Ag = 108 their mean gives Zn = 65.48 and for Cu = 63.5, 
their determinations give Zn = 65.54. 

The departure is accordingly — 0.02 when compared to silver, 
0.04 when compared to copper; hence 0.01 as final mean. 

Cd := 112. Edgar F. Smith's determinations give the depar- 
ture 0.055 which represents a perturbation of 0.0005 only. This 
is very excellent work, such as we have become accustomed to 
expect from Professor Smith. 

In = 113.5, Buusen, is uncertain. 

Sn = 118. Van der Plaats found by 3 oxidations 118.09, bj 
4 reductions 118.06; mean 118.075, giving the perturbation 
0.0006. 

Hg = 200. Erdmann and Marchand made careful reductions 
of the oxide, giving the individual departure —0.0105, 0.111, 
0.177, 0.125, the mean of which is 0.101. This represents a per- 
turbation of only 0.0005. As a characteristic curiosity we may 
mention the manner in which Ostwald (p. 103) spoils the good 
analyses of Svanberg by using the erroneous value of Stas for 
sulphur. 
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Pb = 207. Berzelius, reduction by hydrogen, departure 
!).088, and perturbation 0.0004 only. 

The Carbonates are properly represented on the principal axis. 

Mg = 24. Departureonly 0.0035, according to Marchand and 
Scherer's determinations, giving the perturbation of 0.00015 only. 

Pb = 207, Berzelius' determinations give the departure 
— 0.03, hence the perturbation — 0.00014 only. 

Li = 7 and Sr = 88 are not suflBiciently well determined to 
warrant the recording of the departure. 

The Substitutions by Hydrogen are represented on the dot- 
ted secondary axis close under the primary axis. We have : 

Al = 27. Mallet, measuring the gas, using less than one 
gramme of metal, mean departure 0.003. Weighing the water, 
using from 2 to 5 grammes of metal, mean departure — 0. 003. 
Mean departure 0.000, and mean perturbation 0.0000. 




J.W.McLllet. 
I S€ries¥l,m 



Fig. 13. 

Au = 197. Mallet series VI, using 4 grammes of gold, de- 
parture 0. 14 ; series VII, using from 3 to 10 grammes of gold, 



13 
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departure — 0.10. Mean departure 0.04 correspondiDg to ape^ 
turbation of 0.0002. The diagram Figure 13, here given, 
represents all the results obtained by Mallet according to las 
own calculations, American Chem. Journal, XII, kindly sentne 
by the distinguished author. We regret that we have not rooi 
to dwell upon the many interesting and instructive points whidi 
this diagram presents to the eye. 

The atomic weight of Sulphur is determined both by using 
the sulphate and by the sulphides. Erdmann and Marchand ooo* 
Tcrted the residual lime from purest Iceland Spar into Sulphate, 
and found (Annales de Chemie, T. 8, p. 216 ; 1843). 



No. 


Weight, 
Spar. 


grammes. 
Sulphate. 


Analytical. 
Ratio. Excess. 


1 


2.370 


3.225 


1.3607 7 


2 


4.796 


6.5255 


6 6 


3 


3.065 


4.1690 


2 2 


4 


5.446 


7.4100 


6 6 


Mean 


4.0 




5 5 



Since CaOsC^lOO and Ca04S=136, these determination! 
give for the departure of sulphur 0.05. The limit method applie( 
to the sulphids gives S=32 exactly; we shall, therefore, use thi 
value exclusively. 

On the secondary axis passing through this point, are market 
the atomic weights of Be and Cu determined from their sulphates 

He=9. Departures 0.027, Kriiss, 1891. 

Cu=63.5 exactly, according to my critical recalculation o 
Richards determinations, see p. 128-136 supra. 

The three determinations (1,2, 3) of Erdmann and Marcham 
(Sebelien p. 178) made in 1844 on about 63 grammes of Coppe 
Oxide gave a mean departure of — 0.014 and consequently th 
perturbation of — 0.000 22 only. This result of 1844 is nearc 
the truth than that of Richards half a century later, as publishe 
bv himself; his departure is 0.11 and perturbation 0.00172. 
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Sb = 120. The researches of Schneider in 1856 and 1880 on 

"^he reduction of native sulphide, and those of J. P. Cooke on the 

^Bjrii thesis of sulphide, prove that the departure is zero, at least in 

"the second place. The perturbation can, therefore, not exceed a 

few units in the fifth place. 

The secondary axis for Fluorine is very well determined by 
the analysis of Louyet (Annales de Chimie, T. 25, p. 300 ; 1849 ; 
gee also, p. 27 supra) in which he secured the complete conver- 
sion of pure fluorspar into its sulphate. The atomic ratio is 
1. 743 590 ; the mean analytical ratio is 1.7436 which is identical 
to the fourth place. We have therefore Fl=19 exactly, practi- 
cally. — Moissan has recently made corresponding determinations, 
of whivih those on his artificial crystallized calcium fluorids are 
the most important. I regret very much that I have not been 
able to obtain the necessary weighings of these determinations ; 
for neither the Comptes Rendus, nor the Annales de Chimie, 
give these data. 

In order to obtain the exact position of the secondary axes 
for the Chloroid Elements, and for Nitrogen and Sulphur, we 
can utilize the determinations of Stas. We have seen that for 
Ag=:108 exactly, these atomic weights are 35.5, 80, 127, 32 
and 14 exactly, according to our limit method. It remains 
therefore, only to determine whether the atomic weight of silver 
is 108 exactly, or not. This determination I have given in a 
Note presented at th^ meeting of April 25, 1894 ; see Comptes 
Rendus, T. 118, p. &44. — The following is an exact translation 
of this Note. 

"Comparison of the Secondary Standard with the 

Diamond Standard." 
'*We have to go back half a century before we can find suffi- 
ciently accurate experimental researches allowing us to connect 
the atomic weight of silver with that of the diamond. Silver 
carbonate not being suitable, it was necessary to use the acetate, 
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conform to the example of Liebig (1841). The method of in- 
vestigation had most closely to resemble that of Dumas of the 
same year. This research has been carried out in an admirable 
manner by E. Maumene ; see Annales de Chimie et de Physique, 
T. XVIII, pp. 57-61; 1846. 

"He took ^'verj' beautiful crystals" of silver acetate, and 
heated them in a current of air completely freed from carbonic 
acid. He weighed the residue of silver, p and also the carbonic 
acid produced q. Since the acetate contains two atoms of carbon 
for each atom of silver, we have CO2 being 44 exactly, 

Ag = 88 X. 

q 

"Maumene made 5 determinations of which the results are 
here given. 



No. 

1 


P 
8.083 


q 

6.585 


Ag 
108.0188 


2 


11.213 


9.135 


108.0372 





14.351 


11.6935 


107.9992 


4 


9.030 


7.358 


107.9968 


5 


20.227 


16.475 


108.0410 



"the mean of these ver}- concordant experiments is 108.0186 ; but 

it is not the mean, but the true value, which we desire to find. 

"Analyses Nos. 3 and 4 were made with substance obtained 

by reerystallizing beautiful crystals, prepared in large quantity, 

and used for the analyses Nos. 1 and 2 ; for analysis No. 5, the 

salt was prepared on a small scale from silver chloride. If we 

designate the purest substance by A, and the least pure by C the 

five determinations arrange themselves in the following order: 

Deviation 
from mean. 

A 3, 4 12 107.9980 0.0012 

B 1,2 10 108.0280 0.0092 

C 

"As we might have expected, the concordance of the indi- 
vidual results is greatest for the purest material. The result A 



Xo. 


Weight, p 
grammes. 


Ag 


3,4 


12 


107.9980 


1,2 


10 


108.0280 


5 


20 


108.0410 
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fii therefore nearest to the true value. The departure from 108 
.9 0.041 for C, 0.028 for B and only -0.002 for the purest ma- 
E^^rial designated by A. The corresponding perturbation is only 
— O.00002. We may, therefore, accept 108 as the true atomic weight 
3f silver, the true expression of the experiments of Maumene. 
"Marignac has made three determinations by simple dissoci- 
ation of silver acetate ; the most carefully purified salt was used 
Ln the third of his experiments. From the data published by 
Bebelien (p. 76) I find for the first two determinations 107.969 
»iid 107.945, the mean of which is 107.957; and for the purest 
substance used in the third determination, I find in the same way 
107.976. The departure has been reduced from 43 to 24 
^thousandths by the recrystallization ; the true atomic weight is 
108. But the method of Marignac is subject to several errors 
-which are guarded against in the operations of Maumene ; the 
value of Marignac is therefore, simply confirmatory. 

* *For the final solution of this problem, it will be necessary 
to return to the method of the masters. The compound recom- 
mended by Liebig will have to be submitted to the processes of 
Dumas, and an entire series of such determinations will have to 
be made in order to obtain data which will allow the rigorous 
application of the limit method. I may be permitted to ac- 
knowledge, I am convinced from the results already obtained, 
that the true atomic weight of silver is 108 exactly, that of the 
standard of matter, the diamond, being 12. 



"In these later years, the applications of electricity have 
required very careful electrolytic determinations for the compari- 
son of amperemeters. We may utilize these researches for the 
determination of the atomic weight of silver, that of copper hav- 
ing been determined with precision, 63.5 exactly; see my recent 
Note, Zeitschr. anorg. Chemie, V, p. 293 — 298; 1893 (supra 
pp. 129—136). 
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Let k represent the eletrolytie equiyalent of silver, then ite 

atomic weight will be 

Pii 
As = k. -- = 81.75 k. 
^ 2 

''The first careful determinations of k we owe to Lord Ray- 
leigh ; they are published in the Philosophical Transactions for 
1884. This Serial not being accessible to me, I see in a Kot^by 
W. N. Shaw (Phil. Mag. XXIII, pp. 186—141 ; 1887) thatRay- 
leijrh found 3.405 and 3.408 with a current deusity of 0.012 am- 
peres and 3.404 with 0.026 ami^eres per square centimeter. 
From the investigations of Gray (Phil. Mag. XXII, p. 389 — iU: 
1886) and from those of Shaw on secondar3'' influences, it seems 
to me beyond doubt that the determinations of Ray leigh repre- 
sent an upper limit. Accordingly we have 

K Ag 

1884 Lord Rayleigh 3.404 108.041 

1886 Thomas Gray. 3. 4013 107. 997 

1887 W.N. Shaw 3.8998 107.944 

'' The mean of the extremes is 107.995 ; and the correspond- 
ing determinations seem to possess the same degree of precision. 
The value of the extremely careful determinations of Gray differs 
from that mean by 0.002 onl}'. Tiiis represents assured 1}'^ a most 
remarkable confirnuition of our value 108. 

** For my values of atomic weights (H= 1. O = 16, S = 32 
fxn(^tly) the well known formula of blue vitriol requires 25.451 
\)iir cent, of copper, if the atomic weight of copper is 63.5 exactly. 
The three series of electrol^'ses of T. W. Richards have given 
hiui the values 25.455, 25.450 and 25.448. The mean of these 
extremely concordant results is 25.451, which is exactly identical 
with my calculated value." 

it may l>o proper to add, that the discarding of the determin- 
atjons 1, 2, 5 of Maumene is in strict accord with the funda- 
mental, 1 might say the self-evident principle, that only the 
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— Tpnrest materials can give the most reliable results. Compare p. 147 
supra. Such a proceeding is not an arbitrary selection — but a 
classification of results according to the qualitative limit method. 

D. NEW EXPERIMENTAL RESEARCHES REQUIRED. 

""" My critical review of the existing atomic weight determin- 
^ ations has been carried on far beyond the results recorded above. 
I regret to say that the general outcome of this work is very un- 
satisfactory. Most experimental determinations have been made 
- as if planned by that novel character of Hoi berg's Comedy '*den 
^ Vagelsindede," whose leading peculiarity was the manifestation 
of a new mood every minute. In the same manner, our modern 
-r chemists make one or a couple of determinations of an atomic 
weight under certain specified conditions, and presto, change 
the conditions anew, to introduce new unknown quantities, new 
residual errors ! In the light of the principles here established, 
such procedure is essentially a waste of time and labor. I have 
therefore not encumbered these pages with the results obtained 
which are simply approximative. 

By the establishment of the limit method, a corresponding 
new period in the experimental work becomes necessary. It is 
greatly to be hoped that those in charge of prominent laboratories 
will appreciate these requirements. The reward will be most 
gratifying. 

The new requirements have been sufficiently set forth in this 
Second Part. Every determination requires the execution of a 
true series of analyses, identical throughout in every way except 
in the amount of matter operated upon. Thereby the function 
of perturbation is determined empirically. Only the amount of 
matter, the independent variable, is gradually to change, best in 
an irregular manner, so as to obtain determinations of the de- 
pendent variable for the entire interval for which such a series 
can be made with precision. 
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No such enormous quantites as have been used by Stas should 
ever be employed again. Some of his detenniiiations on 400 
grammes of silver we have found to be affected with an error of 
reduction to vacuum amounting to 68 milligrammes ; the pie- 
tende<l limit of accuracy was therefore illusory. 

But if the limit of weight be placed at 40 grammes, and deter 
minations made to the milligramme, the accuracy would be ^ 
times that of Stas in his worst case. For this amount the actoal 
uncertainty will now probably not appreciably exceed one fifth of 
a milligramme, which raises the precision to thirty-five times that 
noted case. For the lower limit, in the neighborhood of four 
grammes, a fiftieth of a milligramme may now be approached to 
in the best cases. In other words, the analytical ratio may be 
recorded to the unit in the fifth place. 

It is also quite evident that this synthesis is not necessarily 
preferable say to a carefully made electrolysis. Instead of 
accepting the challenge of Stas it will be much more beneficial to 
subject carefully prepared silver nitrate to a properly conducted 
electrolysis. 

Dissociations are also more generally to be used, provided 
thoy can be thoroughly controlled. The process of Dumas, as | 
a[)plie(l by Maumeu^ to silver acetate, will prove very useful in 
a larger field. The dissociation of purest Iceland Spar should 
be effected in a platinum apparatus, so as to permit the separate 
collection of accessory volatile constituents m a distinct set of 
absorption tubes below a definite temperature, while the dissoci- 
ation products proper are collected at a determined interval of 
temperature above that lower limit. Traces of bases other tban 
lime to be determined sepai*ately. 

But it would be manifestly improper to attempt more than 
such suggestions while pressing the invitation to this new field of 
atomic weight determinations according to the conditions of our 
limit method. Only those chemists who may be inspired to this 
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great work will undertake it, and they will soon ascertain the 
proper experimental conditions for themselves, much better thaa 
we can conceive of. 

The real work of the experimental determinations of the true- 
atomic weight of the majority of the elements remains yet to be 
done. If it is begun soon, it may be reasonably well completed 
during the next quarter of a century. 

The true chemists of to-day will recognize with me the neces- 
sity of this division of labor. At any rate, even if I possessed 
all the means necessary, and also were endowed with the sum of 
experimental skill of all the best '' performing chemists " of the 
day, it would be folly to undertake this work ; for it is clearly 
the work of a generation and not of an individual. 

The Empiric Modern Chemist in the Jahrbuch der Chemie. 

But not all chemists are true scientists. In one country 
chemists are getting to be so numerous as to constitute a distinct 
craft (handwerk) ; and, reciprocally, many good craftsmen 
(handwerker) in that country fondly imagine they are great 
chemists. Such chemists can write up a fair synopsis of new 
facts and simple experimental details for the Jahresberichte or 
for some Jahrbuch ; but when they undertake to * report on a 
broader and deeper chemical subject they make as interesting a 
spectacle of themselves as did "Karlen" in Berzelius Laboratory 
when called upon to define chemistry. It seems never to have 
dawned upon their minds that the Science of Chemistry com- 
prises something bej'ond the mixing of liquids, the obtaining of 
precipitates and the producing of vile stinks to make it unpleasant 
for "Karlen" to clean up the dishes and things. Even the defi- 
nition of Lemery\ of two centuries ago proves too ample for 
their narrow ideal of chemistry, for they make a consomme. 

♦"Honestly" we should have inserted— but there has been an A. Naumann, 
and several others of that kind. 

+ Chemistry 's an Art which teaches to seperate the different substances- 
contained in a Mixture.— 
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To these chemists it seems preposterous to submit the results 
of Stas or of any other good analyst to a rigoroas discussion; 
they assert that only new facts, new experiments, new determin- 
ations are needed. They do not seem to know that they them- 
selves are producing too many facts not properly established, 
that they make too many experiments not teacbiug us anything 
with certainty, and that they are publishing too many determin- 
ations tliat determine nothing or something entirely different 
from what they teach. In twenty-five years from now the bulky 
productions of such chemists will stand on the dusty shelves of 
the libraries and be looked upon by the chemists of the day witii 
a shudder akin to that we feel when looking upon many of the 
enormous foliants of the fathers and scholasts. — Bericbte ! 

There are to-day "prominent chemists" in Germany, editors 
of chemical journals and paid compilers of Jahresberichte and 
Jahrbiicher, who are as utterly innocent of all knowledge of the 
fundamental principles of Science in general, as was their 
'•^'prototype*' who reported on the discovery of Kepler's first two 
laws in the "Jahrbuch der Astronomic fiir 1610" saying in the 
(liiaint German of that time: 

''Mr. Kepler has made some remarks* de motibus stelhe 
martis, with critical notes on a fancied elliptical rather than the 
accepted circular or})it of that fier}' planet; however (uebrigens) 
J//*. Kepler has fiiriushed no fieiv observations of his own to 
sustain the strano^e ideasf which he has advanced." 

That reporter was evidently in blissful ignorance of the fact, 
that the observations used by Kepler constituted the entire life- 
work of the greatest observer and most talented deviser of 
nietliods and instruments, the builder of Uraniborg, Tycho 
liralu^ ; he was equally ignorant of the fact that Tycho never 
[u-etended to be able to completely reduce his observations; 

* Ai'UsscniupMi— the modern technical term for statements of fact or raa- 
tlnMuatlcal deductions not comprehended by the reporter. 

t Laws in precise mathematical form, fully demonstrated by facts — are not 
understood; so they call them "ideas." 
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finally, history has practically proved that the brutes in power 
at the Danish court were providentially permitted to drive the 
grand old astronomer from Hveen into exile and des^th in order 
that the wonderful observations might come into the hands of 
Kepler, who did unravel their hidden meaning because of his 
special talents for such work, which necessitated that he himself 
never was much noted as an observer. Nature practices the de- 
vision of labor, ''Signer Crisso, mio dolce ;'* it has not produced 
an animal combining the qualities sa}'- of the ass and the lion ; 
when imitated, the bray betrays the donkey, "Signor Crisso, 
mio bello."*. 

It needs only this simple statement of a reasonably parallel 
case to characterize the real scientific standing of certain "promi- 
nent chemists" in leading Universities of Germany. Their 
actual experimental work may, as commonly expanded, fill hun- 
dreds of pages in the Annals of Chemistry of the Land of Liebig ; 
and that work may happily be drowned in the immense mass of 
that kind now being printed ; but the chemist who perpetrated 
that parallel statement in the pages of the Jahrbuch der Cheraie 
fiir 1893 (p. 49) is sure of a leather medal, triple size and 
double thick, and his name is bound to retain forever the un- 
speakable freshness of his statement. 

No one can feel a deeper interest or even pride, than I, in 
the well established renown of the numerous truly great scien- 
tists which the hardy and thoughtful race occupying the old 
Fatherland in the very heart of Europe, has produced, to the 
glory of Germany and for the benefit of the entire human race. 
But I cannot forbear to express a feeling akin to disgust, when 
in the very shadow of the lecture stand of the great Liebig I see 
the professor of Chemistry write for the pages of a Jahrbuch der 
Chemie — a report precisely like the one of 1610 quoted above, 
which is the exact equivalent to the statement that the law of 
gravitation is not true, because, forsooth, Newtont himself did 
not measure the meridian that gave him the required dimension, 

♦GalUel, Postille al libro del Rocco. Ed. Milano, 1832, T. 2, p. 177-178. 

t Princlpla, Book III, Propos. IV, Theorem IV (Davis, London Ed., Vol. II, 
1819, pp. 16^-170). 
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nor personally carry the clocks from one continent to another 
and observe in their changing rate the varjing distance from the 
center of the earth. — O grandissime bue ! 

Possibly Professor Kriiss of Munich may yet prove one 
of the most useful of that empiric strain (p. 84. footnote) now 
in place and power ; for he has given a most glaring picture of 
German chemical Science which, as it seems impossible to reach 
a lower depth of empiricism and narrow craft-cunning, must 
necessarily, when the change comes, rise to a broader and higher 
scientific level. I hope it may reach up again to the exalted 
position in which the true masters left it years ago. 



Firmly convinced that I have demonstrated, by the use of the 
experimental determinations of the Old Masters and of Stas, 
the power and capacity of my limit method, I believe that the 
experimental work required to apply this method rigorously to 
all elements will be done in the best manner by the generation of 
chemists now students in the lecture halls and laboratories of the 
universities throughout the world. 

It is not this multitude that will do the work here planned. 
The multitude exerts a depressing influence to-day in Science as 
it did five centuries ago in the Church. But there always wijl 
be individuals of high aims, and endowed by a kind nature with 
gifts not conform to the mean. It is to such individuals that the 
purely scientific work here mapped out will prove enticing. 
While the great multitude will in science only see the modern 
ladder to position and wealth, these "foolish" individuals will 
be happy if they obtain an opportunity to devote all their ener- 
gies to the establishment of the fundamental constants of nature, 
the true and exact values of the atomic weights of the elements. 

To these true chemists, to whom we must look for the great 
work indicated, I say with Dante (III, x, 22-25) : 

Or ti riman, Lettor, sovra'I tuo banco, 
Dietro pensando a cio, che si preliba, 
S'esser vuol lieto assai prima, che stanco. 

Messo t'ho inanzi : omai per te ti ciba. 
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THE COMPOSITION OF THE 



CHEMICAL ELEMENTS 



AND THE 



UNITY OF MATTER. 




I. INTRODUCTORY. 



The subject of this part was originally reserved for the third 
volume of my Elements of Atom-Mechanics. But while the rela- 
tions between the composition of the elements and their chemical 
and physical properties require of necessity at least two addi- 
tional large volumes, it has seemed advisable to include a mere 
outline of the general results obtained concerning the atomic 
structure of the elements in this first volume. 

I may as well admit that I am also influenced by a somewhat 
personal reason to discount a portion of the contents of a subse- 
quent volume of my Atom-Mechanics. When the colors begin 
to tint the evening sky the diligent husbandman finds much to 
do calling for renewed energy. 

In all works on chemistry published during the last dozen 
and more years, the so-called Periodic Zaw occupies a promi- 
nent place.* Having suddenly been universally accepted in a 
most empiric age, is proof suflftcient that it is not true to Nature. 
It is, in fact, nothing but an empirical and largely erroneous 
transcription of an imperfectly comprehended part of my Pro- 
gramme of Atom Mechanics of 1867. 

♦The only sound criticism of this so-called law I have seen in print is that 
of Berthelot, In his fascinating work Les Origines de TAlchimie, Paris, 1886; 
p. 312, and others. 
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The facts in the case are simply matters of record, furnished 
by publications of well known dates. Any one of sufficient 
knowledge could at any time set this case right, by simply cat- 
ting loose from the misleading tutulage of the German Jahresbe- 
richte and turning to the original publications for study. 

Having presented the true atomic weights, we may now add 
the true system of the chemical elements, and incidentally show 
the modus operandi of the discovery of the "periodic law" by 
one of the corj'phees of German Chemistry. 

I firmly believe, that the time will come when in the universi- 
ties of the world the exposition of the true constitution of the 
elements will replace that false and fraudulent empirical trans- 
scription of the same now almost everywhere taught under the 
name of the periodic law. 

One of the striking peculiarities of this empiric fraud is its 
co-existence with the belief that the atomic weights of the ele- 
ments are not exact multiples. 

Our great chemists, like Ostwald, do not seem to comprehend 
that if the " exact multiples '* are a chimera, any periodic law of 
the atomic weights must be an impossibility. How much of his 
^-Scliluss" (pp. 137-138, 1. c.) would have become clear to 
Professor Ostwald, if he had discarded the Jahresberichte and 
examined for himself my work of 1867, of which several copies 
are at Leipzig! 

But enough of preface. We must try to be brief. Let us 
proceed to consider the atomic weights of the elements and ex- 
am in(; whether they are exact multiples of half the atomic weight 
of hydrogen, or not. 

II. The Atomic Weights are Exact Multiples. 

In the first place it will be admitted that only those elements 
•can be considered in this question for which the atomic weight 
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Mg, Al, P, S, Ci, Ca, Fe, Cu, Zn, Br, Ag, Cd, Sn, lo, Au, Hg, 
Pb. This list includes certainly the most important of all ele- 
ments. 

The following table gives the data, collected from Chap. Ill, 
C, Part II. 

TABLE OF ATOMIC WEIGHTS ESTABLISHED. 

C=12, standard of matter. Determined by limit method: 
H=l, Cl=35.5, Br=80, Io=127, S=:32, N=14, all exactly so, 
except perhaps lo. 

Determined numerically, not yet by limit method : 



Symbol. 


Weight. 


O 


16 


Fl 


19 


Mg 


24 


Al 


27 


P 


31 


Ca 


40 


Fe 


56 


Cu 


63.5 


Zn 


65.5 


Ag 


108 


Cd 


112 


Sn 


118 


Au 


197 


Hg 


200 


Pb 


207 



Departure 
3rd place. 

-2.4 


Perturbatioa 
4th place. 

-1.5 








3.5 


1.5 








3 


1 


4 


1 


1.6 


0.3 








10 


2 


1.2 


0.1 


55 





75 


6 


40 


2 


101 


5 


88 


5 



The perturbations of these elements are summarized in units of 
the fourth place as follows : 

^ 

Absolute Zero, detennined by the limit method 7 elements. 

Zero in fourth place; ^U, Cu, Fl 3 

Less than Half a unit: Ag, Fe 2 '• 

One unit, less than 2 : Pb, O (neg) : Ca, P, Mg (pos). 5 

Two units: Zn, Au _ 2 '• 

Five units: Cd. Hg ^ 2 '• 

Six units: Sn 1 element 
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Now for Five units the atomic weight departs 5 in 10,000 or 
1 in 2,000 only. Suppose we take that as the Upper Limit, so 
that we must admit that Cd, Hg are on this limit and Sn just 
above it. We have accordingly left the following elements, the 
perturbations of which have been found not to exceed one in five 
thousand : 

Perturbation 12 3 4 

No. of Elements 10 7 2 

Calc. No 10 6.92 2.29 0.36 0.03 

Applying my formulae for the probability to the data given 
we obtain the calculated number of elements of the last line, 
which practically agrees with the observed number. See p. 48 
of my work of 1893 quoted p. 41. 

Out of a total of 19 elements, 10 show a perturbation zero, 7 
show a perturbation of 1 in 10,000 and for 2 elements the per- 
turbation is 1 in 5000. This proves most assuredly that all of 
these atomic weights are exact multiples in fact. 

In addition to these 19 rigorously and strictly conform, we 
have 3 elements (Cd, Hg and Sn) for which the perturbation 
reaches 1 in 2000 and for which new determinations might be 
desirable. 

Figure 14 gives a graphic representation of these facts. The 
ordinates represent the number of elements for which the fer- 
turbation (in 4th place) is measured by the abscissa. The scales 
indicated show that the perturbation zero marks the limit of 
H=l exactly by a length of fifty meters. That is, on the scale 
of this drawing, the unit of atomic weight for which the pertur- 
bation is given (5mm for 0.0001) measures 50 meters. To 
properly appreciate the dimensions represented in this drawing, 
we must remember that H=l exactly would end at perturbation 
zero (middle ordinate of the drawing) and extend 50 meters to 
the left ! The mere inspection of the drawing therefore shows 
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Probability Curve. 



that for the 19 elements the perturbation outstanding is actually 
nothing or absolutely insignificant, and even for the other three 
elements (Cd, Hg, Sn) entirely within bounds ; by the applica- 
tion of the limit method, the perturbations will, do doubt, all be 
found to be absolutely zero. 




UNIT fttPL ACE. 

Fig 14. 

The points determined represent the experimental data given 
above as follows: Point A represents the mean of O and Ag. 
Point H represents the 7 elements submitted to limit method and 
t lio t hroo olenients for which the perturbation is zero to the fourth 
plftco. In point C are represented the 2 elements P and Ca as 
wrll txH the mean of the two Fe and Mg ; hence 4 in all. Point 
I) ii'proHonts the 2 elements Zn and Au. Point E represents Cd 
ninl \\^, unci V represents Sn. 

11ip initiiUo ordinate is excessive; so it should be if the per- 
iuihitlloii /.cTo is the law, and minute deviations the exception 
dim to I'xpt'rimontal shortcomings in the absence of the limit 
iiM'thod. \\y taking C and D, a simple calculation or construc- 
tion according to my methods of probability already mentioned, 
gives for i)ertuil)ation zero the value 5, by means of which the 
full drawn Probability Curve has been traced in the diagram. 
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It is perfectly clear that the residual perturbations follow the 
law of probability as closely as can be expected. Though, 
therefore, the elements not yet subjected to the limit method, 
give a residual perturbation, the values thereof for the different 
elements are distributed around the zero point in accordance 
with the law of probability. Consequently, the Zero is the True 
Perturbation also for these elements. 

This completes, I think, the demonstration that the atomic 
weights of the elements are exact multiples of that of Hydrogen 
or in a few cases, of half that value. It removes the objection* 
commonly urged that by diminishing the value of the multiple, 
it will go in any set of given numbers inside of residual eiTors of 
experiment. 

Since the 22 elements considered comprise the most important 
of all, and are the only ones for which sufficiently precise deter- 
minations have been made, it is legitimate to conclude, that as 
soon as the other elements shall become as well known and have 
their atomic weight determined with the same degree of precision 
and certainty, they will give a like result, namely, that the atomic 
weights of the elements in the great majority of cases are exact 
multiples of that of hydrogen, while in the few exceptional cases 
they are exact multiples of half the atomic weight of hydrogen. 

What for over a quarter of a century has been descried as a 
chimera is therefore a scientific fact. The Unity of Matter is 
the logical and necessary conclusion from this fact. 

III. Species and Genera of Elements. 

The chemical elements are properly considered to be indi- 
vidual specific forms of matter, which thus far have been neither 
changed one into another, nor decomposed in any manner. 
Each of these species of matter is designated by the Berzelian 



Best presented in Berthelot, Alchimie. p. 292-293. 



214 Established Genera. 

(latin) Symbol, and characterized by its atomic weight. Exam- 
ple: N, 14. 

To this characteristic we have added the atomic form asb 
DIMENSIONS. See Am. Jrl. of Sc, Nov. 1866, Vol. XLII, also 
Programme der Atomechanik 1867, p. 7. Really, this dates 
back to 1855 ; see p. 54 supra. 

Chemists have long ago recognized certain groups of ele- 
ments most closely resembling one another in their chemical and 
physical properties. I have more precisely characterized these 
groups by their relations as to atomic weight and form, and con- 
sider them truly genera of matter, which I have designated 
by a simple name (in oid) and a greek symbol. See Atomech. 
p. 6-10. 

Of the genera given in the work referred to and which are 
entirely beyond doubt, I will here enumerate the following : 



( Genera. n r 




Species . 




^ 


Symbol. 


Name. Order 


: 


1 


2 


3 


4 


X 


Chloroids 


Fl 


CI 


Br 


lo 


• 


H 


Sulphoids 


O 


S 


Se 


Te 


• 





Phospboids 


N 


P 


As 


Sb 


Bi 


Kd 


Cadmoids 


Be 


Mg 


Zn 


Cd 


Hg 


\a 


Calcoids 


ii. 


(( 


Ca 


Sr 


Ba 


Ka 


Kaloids 


Li 


Na 


Ka 


Rb 


Cs 


Ku 


Cuproids 


(,i 


(( 


Cu 


Ag 


Au 



These genera were grouped 1867 in my Atommechanik in a 
radical figure, Fig. 15, the radii marking the genera, and the 
spiral cutting them according to the order number, the distance 
of the Hpoc'ies from the center being proportional to its atomic 
weight, ritite Vll shows a more carefully prepared large wall 
chart of that time. For ordinary print this form was changed to 
a system of parallel lines, which were arranged according to the 
atomicities and electrical character. We shall come back to 
these subjects. 



System of 1867. 



215 



A very important fact is also the relation of the Cadmoids to 
the Calcoids, which was represented by a branching radial line 
on the diagram. 

A 






^'^^€lK 




a 







Fig. 15. 

To the above genera are yet to be added modifications of 2t 
and Tr, the iron groups and also a number of groups of rare 
metals. In general, I omitted the rarer metals in 1867 on prin- 
ciple, precisely as we are, on the whole, compelled to do even to- 
day, because they are not sufficiently known. We have had an 
interesting instance thereof in Section II. 

It should be added, that while the Berzelian latin symbol of a 
species represents a number^ the atomic weight of the ele- 
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ment, my Greek symbol of a genus represents a formula^ name- 
ly, the algebraic expression of the atomic weights of all the 
species of the genus, as functions of the order number of the 
species. 

It is also apparent that these generic symbols permit the 
representation of generic reactions and entire classes of com- 
pounds. For example: KaX, XaX^^ Add^. 

IV. System of the Elements. 

The first more comprehensive publication of my System of 
Chemical Elements was made in my Programme der Atome- 
chaniky 1867. Adapted to letter press, by substituting parallel 
lines for the radii, in my publications of 1869. Final, import- 
ant modifications and additions were presented in my Principles 
of Chemistry, 1874 (Sect. XVIII, pp. 178-182). To this noth- 
ing need be added even to-da}', in principle. 

But instead of giving a historic exposition it will conduce to 
clearness and secure the desired brevity for this part if we pre- 
sent our System as the result of direct induction. 

The ])eHt characterized genera of elements are the Kaloids 
and the Chloroids, constituting the electro-positive and the 
electro-negative extremes of the entire system. 

The following table gives the atomic weights* of these ele- 
ments in their order of sequence. 

Order : 1 2 3 4 

Kaloids: Li 7 Na 23 Ka 39 Rb85.5 Cs 132 

Chloroids: Fl 19 CI 35.5 Br 80 lo 127 ? 

• 

Taking the number of order as abscissae, and the atomic 
weights as ordinates, we obtain the two lines marked by minute 



♦For elements for which I have not yetpublished my critical review, I talce 
the nearest round number from Ostwald's Table: p. 126, 1. c. 

Volume III of my Elements is expected to contain full results of all my re- 
ductions of Atomic Weiffht Determinations. I shall be speciaUy obliged for 
reprints of all papers on Atomic Weight Determinations. 
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open circles in Figure 16, Plate IV. The symbols marked to the 
left or right will aid in finding the points referred to. The ori- 
ginal drawing from which Plate IV is a photo-reduction was very 
carefully made on quite a large scale. 

Joining these points by straight lines, we notice that the ob- 
servations for each genus are represented by two broken lines ^ 
almost exactly parallel to the broken limit line marked ABC 
starting from the zero point A. We also notice that the limit line 
AB rises 16, while the limit line BC rises exactly three times as 
much for each number of order. 

Hence the Limit of increase is for the Kaloids 1, 2, 5, 8 and 
for the Chloroids 1, 4, 7 times that limiting difference. 

If we next consider the Calcoids and Cadmoids which already 
in my Programme of 1867 were shown to branch at Magnesia 
(See Fig. 15, and Plate VII), we have in the same manner as 
above 

4 
Ba 137 
Hg200 

These genera are represented by the full black circles just 
below the Kaloids. The lines joining these points are almost 
exactly parallel to A B and B C ; but there is added the line 
Cd — Hg almost parallel to CD, for which the increase is 6 times 
the original increment, or 6 J. 

The central portion of this system starts with carbon. The 
elements are 

Order: 12 3 4 

Titanoids (?) : Ti 48 Zr 91 Ce 140 

Adamantoids: C 12 Si 28 Ge 73 Sn 118 Pb 207 

The determinations for the Titanoids are rather uncertain, 
and the genus itself is not definitely located. All values are 
entered as larger black disks in Plate IV and joined by heavier 
lines. The front line, marking the Adamantoids, is in every way 



Order : 





J. 


2 


3 


Calcoids : 






Ca40 


Sr88 


Cadmoids : 


Be 9 


Mff 24 


Zn 65.5 


Cd 112 
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well determined, however, and is seen to be nearly paraUel to 

the limit Hne AB, BC, CD. 

Nearly all other genera fall into lines parallel with these, 

starting parallel with the same limit AB and haying therefore 

tlie differences J, 3J, 6 J. The only notable exception thereto 

is the iron group, for which we have 

Order: 12 3 

Uranoids: Sa 150 Ur 240 

Sideroids: Fe 56 Ru 104 Irl93 

These observations have been entered in Plate IV by the 
largest black disks and joined by the heaviest lines. The order 
number proper here is two lower than marked at the top of the 
(lifigram. The limiting differences in these genera are 3 J and 6J 
Minoo these lines are nearly parallel to the limiting lines BC and 
CI). 

In Plate V (Fig. 17) the entire system is represented in out- 
line. To the left, the systematic lines are drawn according to the 
limiting differences J==16, 3J=48 and 6J=96. The corres- 
ponding points, representing elements are marked a, ^, y ^^^^ 
indices of order. The second genus ^, is marked lights the first 
/9, is marked heavy. This is descriptive of these elements, and 
will be understood as a necessary mechanical consequence of their 
structure given below. 

Further to the right thj systems proceeding from Carbon and 
from Ikon are given in the true posijtion as determined by the 
observed atomic weights. It will be noticed that the system 
lines are visibly parallel. The differences or increments must 
therefore correspond very nearly to the limiting values 16, 48 
and 96, which are exactly as 1 : 3 : 6. 

Accordingly, the chemical elements form two great, closely 
related, systems, the Carbon System and the Iron System. In 
addition we find the Hydrogen System consisting of hydrogen 
alone. 
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Id each system we distinguish the following kinds of elements 
according to their structure shown in Plate V and implied in 
Plate IV : 

Monads, H, C, Fe, forming one compact prism of panatoms. 

Dyads ; a^ heavy in which the monad has increased by one A 

in length, and Og light in which it has increased by 2 J in length. 

Triads, obtained from the diads by adding 3 J twice in suc- 
cession. They are heavy or light according as they are derived 
from the heavy ^q or light Yq diads. 

Hexads result by the addition of 6 J to the last of the heavy 
diads in the Carbon system. 

In the Iron System we shall use the terms dyad and triad in 
a corresponding manner, though the latter is not quite exact, as 
readily will be seen. 

Since we here purposely avoid entering upon theoretical 
questions, it will suffice to state that the method of increase ex- 
hibited in the Dyads has been set forth in the Programme of 
1867, while the increase by Triads was first shown in my Princi- 
ples of 1874 (p. 181, Fig. 41). These two principles cover the 
outline of the entire system which has its body filled out by the 
laws of atomicities as set forth in the Principles, p. 180. The 
following details will suffice in this preliminary publication. 

Dyads, increasing from the monads in length merely, forming 
prismatic bodies, the limited increiftents will generally be the 
true one. That is, they will differ by 16 and 32 exactly, in most 
cases, from the monads. In the X and CP there seems to be an 
exception requiring special examination. 

Triads, increasing by 3^ as in the ternaries with three atoms 
of oxygen (Carbonates), it is practically impossible to unite the 
A without loss, exactly as it is impossible to unite n.CH4 without 
loss in hydrogen. This is plainly stated in the last two lines p. 
181 of my principles, 1874. Accordingly, the Actual Increase 



] 
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IN Triads must be less than the limiting 3 J =«= 48 ; we may 
safely say, that if an atomic weight determination gives 48 exact- 
ly, it is too high. That such is the case can be readily seen both 
in Plate V and in Plate IV ; for the lines drawn for the tidads 
show a decided tendency to deviate towards the right down- 
wards. In Plate IV this is particularly plain in the gradual ap- 
proach towards the limiting line BC. The Kaloid-line is axactly 
parallel to AB ; the next part converges visibly towards BC. 

As to THE Precise Amount of this Chemical Tie we can 
not give many exact data, because the exact determinations are 
still missing. The following examples will suffice. 

In Kaloids we haveRb— Ka = 85, 5—39 = 46.5 and Cs-Rb 
= 132—85.5 == 46.5, so that the chemical tie is 1.5, or 0.5 for 
each J = 16. This would mean one panatom missing — a mo- 
novalent tie, whereby the entire element atom is made a RiaiD 
solid. 

In the Adama'ntoids we have Ge— Si = 73—28 = 45, and Sn 
— Ge = 118 — 73 = 45, both exactly the same, or a tie of one 
unit for each J. The chemical combination is therefore twice as 
firm, as in the case of the Kaloids. The tie is divalent, 
measured in panatoms. We have also Pb— Sn = 207— 118 = 
89 which is twice 44.5, and shows a slightly stronger tie for the 
second series of J, as might have been expected. 

Ill the Phosphoids the tie is 3 and 4 for 3ii, and 4 in the 
Ilexad. For the Sulphoids, the tie amounts to 1 and 2, while 
for the cliloroids it is 3.5 and 1, quite irregular. I am strongly 
inclined to think that we do not yet know really pure iodine, and 
that all iodine so far has been contaminated with per-iodine, the 
still unknown hexad of that genus. 

So long as no satisfactory determinations of the atomic weight 
have been made by the limit method, it is idle to enter upon 
more minute numerical details; the Geometrical Evidence 
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presented in my Plates IV and V is the most Convincing and 
Satisfactory till such determinations shall have been made in 
strict accordance with my limit method. 

Finally, the Monads C and Fe are modified each by removal 
(i. e. Incomplete Formation) and addition or surplus. This 
is illustrated in the upper right corner of Plate V, in accordance 
with the general law published in my Principles 1874, p. 180-181, 
arts. 501, 502. 

The general formula of the atomic weight of the carbon monad 
of positive atomicity n as there given is 

a = 20 — 2n 
giving 

Atomicitv 12 3 4 

aCalc 18 16 14 12 

aObs Fl-1 O N C 

In a like manner for structural atomicity we have 

a = 5 — 2n 



• • 



giving 

Atomicit}' -1 -2 -3 

aCalc 7 9 11 

a Obs Li Be 'Bo 

The Monad of the Ikon System is (Programme 1867, p. 8, 
art. 33). 

Cr. Mn Fe Ni Co 

52? 55? 56 58? 59? 

The MoLYDoiDS proper are Cr, Mo, Wo. 

For common use my system may be printed in the following 
manner, omitting on principle, all the rare elements (earths) 
which are so imperfectly known. Their place would be immedi- 
ately under the Calcoids. 
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Genera. 


f~^ 




— Species. — 






Ka 


Li 


Na 


Ka 


Rb 


Cs 


Xa 




••••a 


Ca 


Sr 


Ba 


Ml 


mw m» 




Cr 


Mo 


Wo 1 


18 


••••• 


•••«• 


Fe 


Ru 


Ir 


m 






Co 


Pd 


Pt 


Ku 


• •••• 




Cu 


Ag 


Au 


Kd 


Be 


Mg 


Zn 


Cd 

• 


Hg 


It 


Bo 


Al 


Ga 


In 


Tl 


Ad 


C 


Si 


Ge 


Sn 


Pb 





N 


P 


As 


Sb 


Bi 


e 


O 


S 


Se 


Te 


• 


X 


Fl 


CI 


Br 


lo 


• 



In conclusion we may call attention to the following most 
general facts : 

The Monads known, forming the starting points of systems 
of chemical elements, are three 

H=l, C=12, Fe=56. 

There are indications of a fourth, in the neighborhood of 170 ; 
see Plate IV. 

The only increment is J^16, equal in weight to the element 
oxygen. It adds in full, as continuation to the monads, forming 
Dyads, corresponding to the binaries of ordinary chemistry. 
Wlien clustering in threes and sixes around that prismatic dyad 
as axis, it of necessity represents ^'Unfinished Oxygen" if we 
so may say, commonly lacking 0.5 (Kaloids Nos. 4, 5) or 1.0 
(Adamantoids Nos. 3, 4) and even more (same. No. 5), in ac- 
cordance with the chemical character of the element resulting. 

In the organic world, the dominant constituent elements are 
C, II, O and N. We distinguish the Alcohol and Aromatic 
Series, or the Methyl and Phenyl Series. 



. i" 



Id tbe inorguDic world, the ek-roents are referable to the sys- 
tems of U (single), C and Fe. The C&rboa system may be 
compared to the alcoholic, and the iron system to the aromatic 
series. 

Oxygen is the dominant, active element in both organic and 
inorganic chemistry. lu the mecbaoical coDstitution of the ele- 
ments we recognize a group of exactly equal weight J, forming 
the dyads and, when unliuished, combining uioiult with the 
diads to tbe triads, the heaviest of elements. 

These triads will therefore be more readily decomposable 
tbiin the dyads; the separated incomplete J would, however, 
instaully re-uiiite with any dyad present. For a more general 
consideration of this subject, see my Note,* Comptes Eendus, 
T. 115, p. 239. "On the Specific Heat of the Atoms and tbeir 
Mechanical Compositioji." 




224 Rational ALCHBBfY. 

And what about the Possibility of Making Gold? Has 
Alchemy not been proved to be a chimera? — Let us see. 

Cuproids: Cu 63.5 Ag 108 Au 197 

Differences: 44.5 89 

Adamantoids : Ge 73 ? Sn 1 18 Pb 207 

Differences: 45? 89 

If these values were all firmly established, it might be possible 
to transfer the 6 J — 7=89 from lead to silver, and obtain Gold 
and Tin, provided that energy enough could be obtained to break 
off the J from the Pb, without affecting the silver ; it might even 
be supposed possible to obtain gold by starting with copper and 
lead. Such reactions will, no doubt, first require energy of 
highest tension and in great amount; and secondly, such a 
pressure that Sn and Au can exist at a higher temperature than 
Ag and Pb. Of what material should the autoclave be made to 
obtain such transposition of the atoms ? I do not know. Iron, 
AVolfram, or other members of the Iron System may be tried; 
for tliey are entirely different from the Carbon system and would 
pn)ba!)ly not react under the same conditions. But to insist 
that the elements are si)ecific, simple creations, that therefore it 
is AiisoLi'TELY iMrossiBLE and CONTRARY TO REASON to make gold 
from baser metals, must hereafter be classed with the hasty gen- 
eralizations of Empirics ; for it has no scientific principle to rest 
upon. 

It is a (luestion of temperature and pressure that decides what 
n j^iven orjijanie mixture becomes in the common closed tube or 
ill tiie autoclave.* It is very possible that it will be found 
equally a (juestion of temperature and pressure only, whether 
tlie contents of an autoclave remains silver and lead or changes 
into tin and ji:old. Not only do the atomic weights aggregate 



♦ In >f<«rjoral. tho reaction is determined by the formation of substances the 
teiiHloii of whicli Is lowest, in the aprcrreffate —Thus, at lOO® Water and Ethyl 
Chloride In closed glass tube yield Hydrogen Chloride and Alcohol; but when 
these t wo substances are heated to 150o under 40 atmospheres pressure, Water 
and Ethyl Ciilorlde are obtained, as in the process of Glllard, Monnet and 
Bartier. 
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the same, but silver and gold are constitutionally related exactly 
as tin and lead, so far as our present experimental data permit 
us to see. The vapor tension of gold and tin appears to be 
less than that of lead and silver. 

It is not for us to say what others may be able to accomplish, 
especially in the future. The entire history of science is marked 
by accounts of the doing of that which for ages had been de- 
clared impossible. When a student I was told that chemists 
cannot form organic compounds from inorganic materials ; soon 
after, Berthelot published his grand '*Chimie organique fondee 
sur la Synthese." Again, until recently, it was universally held 
that the diamond is a form of carbon that cannot be produced 
by the chemist from other forms of carbon ; now, by skillful use 
of pressure and high temperature, Moissan has thrown this 
"Impossibility*' into the same great Waste Basket into which 
progressive Science has thrown many other impossibilities, and 
into which it is sure to throw many more in the future. 

NoN PossDMus — very true ; but those who succeed us would 
not be worthy of us, if they failed to do some things which are 
impossible to us. 

Impossible is that alone which is contrary to reason and ana- 
logy. The chemical elements are clearly rigid compounds, cor- 
responding to the NON-RIGID monaries, binaries and ternaries of 
ordinary chemistry. The constituent accretions of one may be 
transferred to another known to be able to unite with the same 
accretion. If this be agreed to, it is scientifically not impossible 
from silver and lead to obtain gold. The autoclave is the power- 
ful apparatus which has made modern organic chemistry what it 
is. In the hands of a Moissan of the twentieth century, the 
autoclave, charged with base metals, may yield pure gold. 

The school of Baconian Empirics, spreading from the German 
Universities over the world, on the basis of what it considered 
absolute experimental demonstration of the highest scientific 

15 
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order, has declared and loudly re-iterated for thirty years, that 
a common factor in the atomic weight of all chemical elements 
does not exist, and that the very idea thereof is a chimera. Bat 
we have dared to show, by their own experimental data, that 
thev are in error. 

Some of these leading German chemists are so constantly 
^^chlorinating" that they seem to have lost the art of thinking; 
unhappily, they are writing all the time they do not work in the 
laboratory. Like **den Stundeslose' * of Holberg, they are alto- 
gether too busy with insignificant minutiae. 

For these reasons it is about time to recognize this state of 
affairs, and to give to their declarations of results the weight 
they are entitled to, but no more. The empiric popery in the 
science of to-day ought not to be left without the protest it de- 
serves. We should return to the inductive methods of Galilei, 
the true founder of Modern Science. Surely, that power, what- 
ever it be, which has built up the wondrous diversity and trans- 
cendant beauty of mineral and organic nature from the few 
chemical elements, cannot have been unable to bring forth these 
few, closely allied elemental substances themselve from a single 
material, the Pantogen. 

In the third Volume of the Elements of Atom-Mechanics we 
hope to Hhow with much more detail and in a more thoroughly 
mathematical manner than we have sketched here or could do in 
our rrogramme of 1867, that the physical and chemical proper- 
iicH of the elements positively demonstrate this formation of the 
Ohcnilcal Elements — from the single primitive substance, the 
I'ANTOiiKN, and that the Unity of Matter is not a chimera, and 
not a (Irrani, hut a scientific reality. 



SUPPLEMENTS. 



I. My Natural Classification of the Elements. 

As stated in a preceding page, I immediately arranged the 
radical system published in my Atomechanik of 1867 into a par- 
allel line system suitable for printing. The black walnut black- 
board, one meter square, mentioned below, has been in use 
nearly thirty years in my lectures ; it is still so used, the symbols 
remaining unchanged. The large muslin charts— book form- 
have, however, been worn out. 

On account of the historic importance of the subject I might 
here reprint in full the first publications made of this parallel 
line form, namely in the Pharmacist of Chicago, for July, 1869, 
and in the Proceedings of the American Association for the Ad- 
vancement of Science at Salem, Mass., Vol. 18, pp. 112-124. 
We have already printed Part III of this paper, see pp. 65-69, 
supra ; here we shall reprint Part I. 

Since the paper in the Pharmacist is essentially the same as 
that read at Salem, only much more popular in form, I think it 
sufficient to reprint the latter. ' 



228 Symbols for Genbra. 

"On the Classification and the Atomic Weights op the so- 
called Chemical Elements, with reference to Stas* 
Determinations. 

" [112] Like all other natural objects the chemical elements 
(so-cnlled) can be classified into natural groups, — Genera made 
up of the individual elements as Species and Varieties. Such a 
classification was published in 1867 in my Atotnechanik (§ 17, 
pp. 7, 8.) 

"The symbol of the species is the characteristic letters of the 
[113] Latin name of the same, introduced by -^^r^r^/^^/iy in 1815; 
it has also a numerical value, representing the weight of the 
atoms. 

"As symbol of the genus I introduced the characteristic letters 
of the Greek name of the same, and stated that this symbol rep- 
resents an equation^ the numerical value of which for the given 
variable would be the atomic weight of the species corresponding 
to that variable. 

"The theoretical ground of this classification is exposed in 
Atotnechanik, We shall here exclusively consider this question 
from a practical and empirical point of view, entirely indepen- 
dent of the pantogen-hypothesis. In this form it has now for 
two years been presented in my lectures. 

I. Classification of the Elememts. 

**This empirical classification (in its results /flT^w/^tra/ with 
that of Atomechanik) is based* mainly on the deportment of the 
elements toward heat. This physical agent being motion, -we 
accordingly classify the elements in regard to the mobility of 
their particles {the atoms). We distinguish six degrees oi fusi- 
bility^ three degrees of volatility^ and the coloration of the 
flame for the metals. We retain the general division of the ele- 
ments in two orders^ metals and metalloids, based upon the 
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presence or absence of metallic lustre. The above degrees of 
fusibility correspond very nearly to those of von KobefL 

" For farther explanation we may refer to the following table^ 
merely adding, that the name of the genus was taken from the 
most common or more characteristic element. The Semi-bar- 
barous name Sulphoid was chosen, because the more correct 
Thionoid is not so palpable to students. 

[114] General Table of the Genera of the Elements. 



I. Metals, having metallic lustre. 



Fusibility. 



1 
2 
3 
4 
o 
6 (infus) 



VOIiATILE. 



exceeding 

very 

slightly 

not 

not 

not 



Flame. 



color 
no color 



color 
no color 



GENUS. 




Name. 


Symbol. 


Kaloids 


Ka 


Cadmoids 


Kd 


Cup r Olds 


Ku 


Calcoids 


Xa 


Per ro ids 


le 


Titanoids 


Tt 



II. Metalloids, not having metallic lustre. 



o3 0} 
0) 



Ka 

Cd 

Cu 

Ca 

Fe 

Tt 



Triatomic Elements like Phosphorus 


Phosphoids 


(P 


p 


Di u .4 Sulphur 


Sulphoids 


6 


s 


Mon — *' " Chlorine 


Chloroids 


X 


a 


Mon — " " Pantogen 


Pantoids 


r 


H 



*' To these genera several others will have to be added ; but not 
until the elements concerned are better known. Of such genera 
I mention here the Thalloids S^, Molybdoids MX^ Hydrargoids 
Ty from Atomechanik. Beryllium is either the first species of 
the Ferroids or of the Cadmoids. 

* ' The Ferroids are distinguished for their varieties. Thus the 
third species (Iron ; Greek Sideros) is associated in nature and 
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in its properties with four varieties, which we term the Sideroids 
and give the symbol 2d, They are Chromium, Manganese, 
Iron {the species), Nickel and Cobalt. They form a regular 
series, connecting Titanium of the Titanoids with Copper of the 
Cuproids (see Chart). The Rhodoids and Iridoids are not suffi- 
ciently known yet. Uranium is associated with Cobalt and the 
Sideroids, having exactly twice the atomic weight of Cobalt. 

^'The species in each genus are again arranged in the order of 
their volatility, or specific gravity, or atomic weight. By print- 
ing their symbols at distances from that of the genus, nearly 
proportional to the atomic weight, we obtain the following chart 
representing our classification of the elements. A few of the 
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Ka 




Li 


Ka 


Ka 


Rb 








Xa 
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Ca 


Sr 






B<f 


K8 




— 


Mg 


Zn 




Cd 


I n 


Vy 
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— 
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Hg 


Kv 
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Cu 




Ag 


Au 


Si 






Al 


Co 
■ Nf 
Fe 

Mn 

Cr 




Rhj 




Jr 


Tt 




C 


Si 


Ti 








Pt 


♦ 




N 
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As 


Sb 






Bi 
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S 


Se 


Te 






— 


X 




Fl 


CI 


Br 


lo 






— 


Y 


H 
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most important elements not embraced in the above ten genera 
have been added.* 

' ' That this is a truly natural das si ji cation is proved by the 
fact that in this table the elements of like properties, or their 
compounds of like properties, form groups bounded by simple 
lines. Thus a line drawn through C, As^ Te^ separates the 
elements, having metallic lustre from those not having such 
lustre. The gaseous elements form a small group by themselves, 
the condensible chlorine forming the boundary. So also the 
boundary line of the heavy metals (specific gravity above five) 
is a simple line, running between Kd and Xa^ as far as the break 
in the vertical columns goes (to Zn)^ then down to Ti and 
through Se out between Te and lo. So also the boundary lines 
for other properties may be drawn. 

**Of great practical importance are the lines expressing certain 
properties of definite compounds. Thus, the solubilities of 
Ternaries or Binaries in water. The reactions in the wet way 
(Fresenius). The blowpipe reactions, may be represented on 
such charts by means of a few simple lines. Such charts have 
been in use in my laboratory, and were exhibited to the Associa- 
tion — the symbols printed on muslin (size 8X6 decimeters) 
while the other details had been entered by hand. In the lecture 
room I also have been using a square blackboard of black walnut 
(one meter each way) with the symbols painted ; a chalk line or 
figure then enters the property dwelt upon by the lecturer." 



To this reprint we will add the following illustrations, refer- 
red to in the last two paragraphs, as samples of what was exhib- 
ited at Salem in the Meeting and what had been constantly used 
for two years previously before my classes in i^iy lectures— and 
for a quarter of a century afterwards. 

♦The preceding chart is an exact photographic reproduction of the original 
print In the Proceedings; hence the m. sprint T for P could not he corrected. 
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Order op Discovery. 



The discovery of the Elements is two-fold ; by ordinary 
chemical means and by the use of some new physical instrument. 

Under the first we distinguish three periods : Antiquity, 
Alchemists, and Modern Chemical Analysis. The first two are 
specially marked on the chart*; the last remains unmarked. 









Dl 



SCO ire y^}/. 



X 




^=^^ Not 



rnjotrKtcC .• orcZ/Vi*. ^tvatlusts. 



Fig. 19. 



The second mode of discovery is also naturally divided into 
three distinct periods, characterized by the invention and intro- 
duction of special physical instruments, namely, the Pneumatic 
Trough (gases). Galvanic Battery (light metals) and the Spec- 
troscope (flame coloration.) 



Fusing Points. 
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The leading physical property of the elements, next to den- 
sity, is their deportment toward heat. The fusing points are 
represented by lines of equal absolute temperatures. 

It is seen that the iron group resists the most ; from there 
both up and down the chart, the fusibility increases quite regu- 



» Tustncf Totnks, ^socr^m./,., 




Fig 20. 



larly as the volume diminishes. Sections laid through Na, Ka, 
etc., would give curves rising from below 500 degrees abs. to 
above 2000 in the iron group, and falling again toward the 
chloroids. 
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Specific Gravity. 



The elements in each genus are empirically arranged accord- 
ing to their specific gravity. The genera have, however, been 
arranged according to caloric and electrical deportment. 



SpeciFcc GmoLvil: 




Fig. 21. 



The chart shows that notwithstanding this fact, the genera 
are well grouped according to specific gravity also. The highest 
specific gravity (20) found from Au to Pt; the lines for 10, 5 
and 1 are quite regular, as much so as if the genera had been 
especially arranged according to this property. 



Atomic Volume. 
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Dividing the specific gravity into the atomic weight gives the 
Atomic Volume. The chart here printed shows the lines of equal 
atomic volume for the values 5, 10, 15, 20, 25 and 50. 



^rCtoyfruic lAfd^Uyrrve 




Fig. 22. 



These lines are also quite regular. The lowest atomic vol- 
ume we find in the iron group, from which it increases upward 
toward the Kaloids and downward toward the Chloroids. The 
atomic volume also increases more or less with the atomic weight 
in each genus. 
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Blowpipb Rbactions. 



The Blowpipe reactions also are exhibited by a very instruc- 
tive chart. The residue white gives the two sub-fields, calling 
for cobalt solution or flame reaction. 







Fig. 23. 



The residue not 'white is bounded by the heavy curved line. 
Incrustations are obtained only in the upper and lower parts there- 
of. The middle part gives in the right half only reguli, in the 
left half reguli and characteristic borax beads. The colors are 
entered near the symbol. 



Group Reactions. 
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The Wet Way Reactions are equally well grouped on this 
system of the elements, as shown by the curves on this chart. 
Group I is precipitated as chloride, II as sulphate ; III to VII 
as sulphide, namely in acid solution III, IV , Y ; in alkaline solu- 
tion VI, VII. Group VIII is not precipitated by these general 
reagents. 



n WcA: yy^<^ H^coLctioiTLS^ 




«MJ 



Fig. 24. 



The sulphide precipitated in acid solution is insoluble in yel- 
low Ammonium Sulphide III or soluble therein IV, V ; if the 
last, V requires aqua regia for solution. The hydrates of VI are 
soluble, of VII resoluble in Ammonium Chloride. 

The three principal groups of Acids are also indicated. 
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Exact, fall size, photo-engraving of study and work blant 
used by myself. Also almost exact copy of Blackboard in Lei 
ture Room. 

Hinrkbs' Classification of tbe Blem« 
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A» Sb 



8 8e Te- 



rn a Br To 



Fig. 25. 
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These samples of illustrations show some of the charts which 
were exhibited before the Salem Meeting of the Americon Asso- 
ciation in August, 1869. The charts actually exhibited were 
partly drawn in color, to show the color of the precipitates, in- 
crustations, beads, etc. 

The charts representing properties of the elements in numeri- 
cal quantities allow the construction of common diagrams for 
both genera and order numbers, i. e., for the horizontal genus 
line as abscissa, or for the vertical lines of same order as ab- 
scissa. The quantities (specific gravity, and atomic volume, 
fusing point, etc.), thus become the ordinates. 

But it must be apparent, that my diagram, representing the 
surface determined by the quantity in question, is for more gen- 
eral than either of the above. Hence, I prefer the representation 
of the surface. To obtain a description of the quantitative prop- 
erty, the form of this surface needs only to be described in 
words. 

This process is complete, because it is mathematically exact. 
The same method is used in Meteorology and other branches of 
science where a function of two independent variables is to be 
represented. 

Even to, day I see no reason to deviate from this method. A 
couple of symbols may now be placed differently — Pb in line 
with Sn, and these directly in line with C and Si, But on the 
whole, these changes, due to more exact knowledge of the rela- 
tionship of a few elements, leave the main classification and the 
graphic representation of the properties of the elements by Sur- 
faces etttirely unchanged. This method gives the -whole truths 
and will remain the best that can be found. 

II. The Periodic Law. 

A couple of years after the publication of my Programme 
der Atomechanik the so-called Periodic Law was presented to 



240 Thk Periodic Law a Fraud. 

the chemical world by Lothar Meyer and by Afendelejeff, In a 
period of empiricism a routrance this ^'Ha-w^^ was promptly 
adopted and incorporated in text-books and presented in most of 
the chemical lecture halls throughout the world. 

Being universally known, it is not necessary for me to give 
any details concerning the same. Our only object is to show 
that so far as it was new, it is not true, and so far as it is true, 
it was not new, but explicitly contained in my Programme of 
1867. 

One of these discoverers of the Periodic Law, Lothar Meter 
was well acquainted with my Atomechanik, for he himself pub- 
lished a review thereof. The other discoverer, Mkndelejeff, 
shows a little more originality in the handling of the subject, and 
may possibly have arrived at the result independently, though 
copies of my work were accessible to him. However, his pub- 
lication was at least two years later than mine. 

I am not willing to devote much space to this subject ; it is 
not worth it, and the question is one that the future must and 
will pass upon. The following, it is hoped, will suffice for the 
present. 

The elements are not mere periodic functions of their atomic 
weight, in any sense of the word. All attempts to arrange the 
elements in regular^ continued periods have absolutely failed. 
Reeurrances are real, but not at regular, equal intervals. The 
chemical and physical absurdities involved in this periodic law 
are, by common consent, overlooked to-day ; but they are visible 
to all who will use their eyes — and some chemists will have their 
eyes open in tne future. 

Furthermore, the very idea is mathematically absurd ; a peri- 
odic function always implies more than one variable. If the 
Atomic weight be the one compared, say to time, in astronomy — 
what is the other variable, corresponding to the orbit? 

Mendelejeff shows that he has no conception of the subject 




nrHi(.(^mfigL 



WALL CHART, 



Chemical Rslations. 



(Note 11, p. 687-688). His entire book is almost as foggy as 
that of Lothar Meyer.* 

But in my Programme (p. 7) the element atoms were repre- 
sented as functions of weight and form, the form characterizing 
the genera of the elements. On page 9 all the well known ele- 
ments were arranged in the system, the genera forming radii. 



loe. 




Fig. 28. 
the species located at relatively large distances proportional to- 
their atomic weights, and forming spirals. f Compare Fig. \b 
printed p. 213 ; aho the half-tone print (Plate VII) of a photo- 

• KAnchiiractcrliesthUbook properly (III p. S6S) In the following tnlml table 
and almost untranslataUe m&nner: 

lodeasen 1st mlr das Buch von Wurti doch In vieler Hlnslcht lleber. ala daa 
voQi. Jftper;deDn JTitrt! schretbt mttelner eewlssen grailBsenLelchtlgkolt, die 
das elgene Urthetl ulcht erstlckt, wSbrcnd Mtytr In der BegiilndDnt; unbegrttu- 
deterTheorlen elite brelteOelebraamkeitentwlckelt, die verblUtTend wickt; an 
ereterem wlrd alch Nlemand den Verstand verrenken, bel letzterem kann es 
Elnem passlreo: ea lat mil Jcner acbneren, umstilndllchen, anschelnend aber 
bedtchtlg ernlgenden, Bchelnbar umHichtlgGn und tiefslnnlgen Gelebrsamkelt 
vertasst, die una Deutsche tn den schmelcbelbatten, aber grundlosen Verdacht 
gebracht hat, ein Volk von lauter Denkern zu Belli. 

t My original conceptloii was the arrangement on a right cone with ;t at the 
vertex. Thla brings the genera leas far apart lor the high atomic weight, but 
cannot be readily rep^duced. 
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graph taken in 1867 from the wall chart which for twenty 
years was hanging near or over the experiment table in mj lec- 
ture hall. In the balance of my "Programme" the physical and 
chemical properties of the elements are deduced fronoi these two 
independents : weight and form of the atoms. Fig. 28 shows the 
chemical relations in the most conspicuous and compact manner 
(Atomechanik pp. 11-17). 

The results were also empirically presented in charts, of 
which a few specimens have just been printed, pp. 232 — 237. 
The students even found blank forms of this system in the text- 
books published by me ; see my Elements of Chemistry, 1871, 
pp. 169-170. Extra j^rinted blanks were also distributed from 
time to time. 

Now these charts or diagrams present the properties not 
simply as function of d?;^^ variable, atomic weight, for they could 
not possibly be function of one variable ; it would be a mathe- 
matical and physical absurdity. These charts represent the 
properties of the elements as function of both the determining 
variables, atomic weight and form, the latter represented empi- 
rically by the name and place of the genus, but also by its own 
self in my Programme der Atomechanik of 1867. 

Take my diagrams, cut them by vertical planes, put these in 
continuation according to the order of tlie genera — and you 
have all that the noted diagram of Lothar Meyer gives, who has 
constructed originally only one such (for atomic volume) and 
afterwards added the corresponding one for fusibility. — It takes 
a wonderful amount of imagination to see any regular periodicity 
in his diagram ! 

Now ma}^ I ask : since when is it proper in science to pass 
the complete — though compact — published exposition of new 
lawH and discoveries by in silence, and to "sound fanfares of 
triumphal discover}'," when some one who notoriously studied 
chat work, takes in a most empirical manner a few shreds from 
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it, and before fully understanding it, coins a high sounding name 
for it, and publishes long articles and a big book about it, all 
as his own grand discovery r* 

The mere fact, that a book* like that of Lothar Meyer has 
experienced quite a run in Germany, the fifth edition of 626 
pages having appeared in 1884, will no doubt in a near future 
be considered sufficient evidence of the present extreme empiri- 
cism of chemistry in that country ; and tlie further fact, that in 
the multitude of empty words, rivalling in obscurity and indefi- 
niteness with the worst specimens of the philosophic schools of 
antiquity and of the dark ages, it pretends to present a Chemical 
Mechanics when the author clearly has not even a rudimentary 
knowledge of Mechanics himself, will soon be utilized as a warn- 
ing against entering anew upon that empirical Baconian way. 
The final fact, that the vaunted discovery is simply an incom- 
pletely understood and miserably distorted conception of a work 
which the discoverer as critic condemnedt in order to prevent 
its being compared to his spurious "law" completes the truly 
Baconian side of this subject. 

So far as Mendelejeff if concerned, his publications on this 
subject in his Grundlagen der Chemie, St. Petersburg, 1891, 
show the following special features : 

1. Greater attention bestowed on the rarer elements, and 

2. Bold, apparently successful predictions of new elements. 
Concerning the first, it must be remembered, that only time 

♦Die modernen Theorien der Chemie. 

t^iscfcojfin his Sttrtochemie^ 1893, p. 15-16, quotes from Lothar Meyer's *' Re- 
f erat" in Zeitschr. fUr Chemiker, N. P. Bd. 6, 446, as follows: 

*' Lothar Meyer has found it impossible, considering the slcetchy form of 
Hinrichs' presentation, to obtain a view of the degree of correspondence be- 
tween the hypotheses of the author and the facts, and accentuates as especially 
suspicious that he uses partly dualistic formulaB (sic!), and that all considera- 
tions are based upon ProiU'a Rule, which is well known to be erroneous!" 

Thus Lothar's object was accomplished. He knew the Germ m chemical 
public. Lothar felt perfectly safe. His praises were sung in the German lec- 
ture halls. His colossal wall chart fitly corresponds to the colossal darkness. 
prevaUing, sufficient even to hide his dishonor. 
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will tell whether he was right in assigning these almost un- 
known elements the places he did. When we consider the numer- 
ous and most astounding blunders he has committed in placing 
the old, well known elements, such as Mn, Cr, Mo, Wo, all the 
cuproids and others, we may not be inclined to ascribe much 
weight to his location of the rare elements. 

As to the prediction of new elements, Mendelejeif has reaped 
much renown from his eka-aluminum (Ga), eka-boron (Sc), and 
eka-silicon (Ge). B^rthelot * has properly qualified this predic- 
tion (pp. 309-310, L'Alchimie). But besides, it should be 
distinctly understood that only the publication of actual predic- 
tions can be claimed for Mendelejeff ; the Principle on which 
the real predictions can be made, has been well stated in my Pro- 
gramme (art. 2, close) and the net-work necessary for the 
practice thereof was given p. 9 in the diagram Fig. 15 reprinted 
above (p. 215). But I preferred to indicate the method, 
without actually making specific prediction ; the position in the 
nodes of the system or net-work will give all essential physical 
and chemical properties directly. In other words, the actual 
individual prediction is of no real value ; f it is the net- work that 
determines all. 

This is also made apparent by the fact that Mendelejeff and 
his admirers have only looked at one side of the medal ; precisely 
as the ignorant weather prophets are in the habit of doing, who 
blow about the **hits" that necessarily must happen among any 

* After taking many Interesting and irresistible critical exceptions, he says, 
finally: 

But this prevision, as has been said above, is not a consequence of the per- 
iodic series; it results purely and simply from the laws and analogies whicli 
have been known for many years, and which are Independent of the new 
system. 

+ The real chemical work represented by MendelejeflF's prediction of Eka-Sil- 
Icon is the recognition of 0, Si, Sn, Pb as a true group. This is already contain- 
ed in Meyers' first edition. 1864, p. 137, 1st column. My error of placing Pb was 
due to an under estimate of the importance of Its organic<!omi)ounds not fully 
known to me in 1867. 
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larger lot of hap-hazard predictions, but keep discreetly silent 
aboat their more numerous and glaring failures. 

Thus, not a single element is known in the entire '*row 9" of 
Mendelejeff ; not one substance has ever been seen that could be 
twisted even by himself to fall into that line ! We shall show 
that there never will be discovered an element belongmg to that 
row. But this little fact of the failure to find any element and 
the significant demonstration of ours of its impossibility will 
have no effect on the empirics that worship the "periodic law." 
They will meet the observed fact and the laws of mechanics with 
some "neue BetrachtuDgen" and "interessanteUeberlegungen." 

Having said this much, I suppose I am really bound to criti- 
cally consider in detail a few points of this wonderful discovery 
of the Russian Chemist and the German Lothar. 

Let us then copy Mendelejeff* s own system from page 685 of 
his most barbarous Grundlagen der Chemie ; the greatest jum- 
ble of loose, endless notes and incoherent text that ever has been 
inflicted on chemists, and that has found a market solely because 
it comes from the "famous original discoverer of the periodic 
law,*' 

But there will be absolutely no use in our copying the 
symbols of the almost unknown elements that Mendelejeff has 
used to fill up the meshes of his net ; we will, however, by the 
empiric be expected to give him credit for filling these spaces, so 
we will print the mark R wherever he claims to have located one 
of these practically unknown elements. His system then appears 
as printed here : 
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Now, beginning a brief critical examination of this system, 
we notice that the first three rows are not part thereof, having 
long been recognized in the relations here assigned them, with 
one generic exception. It is surely contrary to chemical and 
physical facts to set out the elements of row 3 as radically dis- 
tinct from those of row 2. Li, Na, Ka and Be, Mg, Ca must be 
placed in the same line, or more strongly yet: Li, Na ; Be, Mg ; 
Bo, Al; C, Si; N, P; O, S ; Fl, CI, cannot possibly be con- 
sidered as radically different, such as are Ka and Cu, or Ca and 
Zn, or Cr and Se, or Mn and Br. While then the enumeration 
in the first three rows is correct, having been established long 
ago, the order is entirely wrong, because 

1st. We must place all members of row 3 exactly under 

THE members of ROW 2. 

This first fact already breaks up the entire system in which 
that ziz-zag constitutes a most essential part. 

One of the greatest errors in the system of Mendelejeff is the 
strange position assigned to the iron group, practically outside 
of the system and beyond the chloroids, VII, which are supposed 
to gradually merge into the same. Group VIII is placed in 
rows 4, 6 and 10, and also as still unknown in row 8 ; that is, it 
is asserted to recur after two full * 'periods*' namely at 4, 6, 8 
and 10. The last member of VIII (our Cuproid) has been also 
inscribed in brackets under the first group in the next higher row 
thus forming a sort of connecting link in that direction — truly 
Darwinian. Now it is passing strange that at least three mem- 
bers are known in each one of the rows 4, 6 and 10, while not a 
solitary one is known in row 8. We shall learn that there is a 
most excellent reason for this, namely the fact that row 8 in the 
Iron group does not and cannot exist at all. 

But every chemist must admit, that if Ni and Co belong to 
that Iron group row 4, Mn and Cr most assuredly ought to go 
there also. To compare Mn under Fl with CI, and Cr under O 
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with S is supremely absurd,* and io absolute conflict with the 
best ascertained and most common chemical and ph^^sical facts. 
The oft used reference to ^4somorphous*' relations between Mn 
and CI is so shadowy that, accepting it, we could place almost 
any element into a group with almost any other element. 

I must declare it impossible to place Mn under CI or Cr 
under S ; the difference in atomic weight is 20, and it is impos- 
sible that the second dyad could differ by more than 16 from the 
first in the same genus. 

As I have already stated in my Programme of 1867, Cr and 
Mn precede Fe as Ni and Co follow it in atomic weight ; these 
Five Elemknts are Undoubtedly Chemically and Physically 
Membebs of the same Sub-Group and not related to either 
Cl or S. 

I may add here, that Va and Ti also seem to belong to that 
group ; the relations to P and Si are also through ** isomorphism" 
mainly, while their physical and chemical differences are numer- 
ous and important, including the increase of 20 in the atomic 
weight. I did not intend to raise this point in this volume, 
because it is injudicious to consider this secondary matter at 
present. 

Hut if Cr is taken out of group VI, Mo, Wo and Ur must 
come out also, and find some place in the great iron group. 
A(!cordiiigly we say 

2ni>. Mn does not belong to Group VII, and Cr, Mo, Wo, 
Ik do not bklono to Group VI; but all these Elements must 
BE Classified with the Iron Group under VIII, which how- 
ever, has no representation in row 8 ANT) CAN HAVE NONE 

there, and is not related to the chloroid elements. 

(ilancing down in VI, from O we now see nothing under it; 
th(5 HJiiiie in VI 1 under Fl. We therefore conclude 



♦ Tout (juci louche a la fantalsie. Berlhelot, L'Alchimie, p. 310. 
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3rd. Groups VI and VII have no existence in the even 
NUMBERED ROWS 4, 6, 8, 10 AND 12. They comprise therefore, 
only one genus each, the Sulphoids and Chloroids. 

We find our Cuproids in two places, namely under the iron 
group VIII and under the Kaloids I ; under the latter they are 
enclosed in brackets, evidently to indicate that they probably do 
not belong there. Surely, they cannot belong both to VIII and 
to I. It is strange indeed that Mendelejeff ever placed them 
under the iron group, VIII ; neither physically, nor chemically, 
do they resemble members of the iron group. Nor are they 
Kaloids. The entire system of Mendelejeff being a hasty gen- 
eralization, or possibly an inconsiderate empiric transcription 
from my Programme, my placing (in 1867) the cuproids on one 
side of the sideroids symmetric with the molybdoids on the other 
side, which was correct enough, seems to have been misunder- 
stood by Mendelejeff. We now completely understand the 
position of the cuproids as triads of the heavy dyad Na, while 
Rb and Cs are the triads of the light dyad Ka. This fixes the 
position of the cuproids in relation to Iron exactly as I gave it in 
1867. Accordingly, 

4th. The Cuproids must be Removed from the VIII 
Group, and left Related to I, as just explained. 

One of the most remarkable predictions of Mendelejeff — about 
which he himself and his empiric admirers have maintained ab- 
solute silence — is the statement that there exists an element 
(see row 9) intermediate between Ag and Au* ; also between Sn 
and Pb ; also between Cd and Hg, as well as between Sb and Bi. 
We will not mention the fact that a corresponding "missing 
link" is predicted between In and Tl, for both of these are new 
members of the system. Beyond Te Mendelejeff makes us 



* For the Cuproids In VIII this predicted metal falls in Row 8. It is only such 
a *' missing link " that can be in two places at once — by not being at all. 
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expect two new elements; the same number mast also exist 
beyond lo. 

Now, THIS IS Absolutely Incredible. Silver and Gold are 
BO widely diffused, their properties are so marked and they are 
so easily distinguished from all other things on earth — in fact, 
gold and silver are undoubtedly the metals first known to man- 
that is truly incredible that an intermediate element should exist 
in nature and have escaped the searching hand of all mankind 
these thousands of years. 

I do not like to follow Mendelejeff in the easy way of describ- 
ing this * missing ^'Ascm*' ; I am no friend of humbugs, ami 
hate to make a show of profound learning and science while sim- 
ply using the rudiments of arithmetic — say counting on the fin- 
gers of my hands. But 

"Ahem" — the properties of this intermediate element be- 
tween silver and gold which we may call ''Asem" are fully 
determined by the Periodic Law in every detail with precision. 
It will show a brilliant metallic lustre, be more whitish than 
^old ill color, extremely malleable so that it can be beaten into 
thin loaves, of which more than a hundred thousand will be 
rtMiuired to make an inch ; this still unknown metal will show a 
Hpccilic gravity between 14 and 15; in graphite crucibles it will 
iiuilt at a fair white heat ; it will not oxidize in air, give no in- 
cniMtation on charcoal ; etc., etc. It will dissolve difficultly in 
hot concentrated nitric acid, but may resist aqua regia. Acid 
HohitioiiH will be promptly precipitated by hydrogen sulphide 
j^iis, mid the brownish precipitate will dissolve in yellow ani- 
iiioniiiin sulphide, etc., ad ?iai/sea??i. 
I rc^pcat it, such talk is all humbug ; the above would be the 
proporticH of such an intermediate metal, as every chemist will 
readily iindcrHtand ; but the real qvestion is^ does such a metal 

* AlloyK of \H)U\ iiiid silver were called Asem by the Egyptians. Berthelot, 
Chliiilo (li'M AnrleijH, i*arlH, 1889, p. 62. They first supposed it to be a metal. 
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EXIST IN NATURE ? Surclj, if it did, it would not have escaped 
nature's processes that have brought Silver and Gold so prom- 
inently to the attention of mankind even before the stone age, 
yea in the golden age of our race ! 

The fact that nothing of this kind has ever been found is suf- 
ficient proof that such an intermediate metal does not exist in 
nature, except in the imagination of our modern empincal chem- 
ists, some of whom have without labor or study become famous 
by "predicting" the existence of such elements as ''asem." 
This is fame exactly of the same sort as falls to the lot of our 
noted storm predictors and publishers of weather almanacs, 
which sell by the tens of thousand in America, because Divine 
Providence has never allowed the fool killer to hurt anybody. 

For tin and lead the same reasoning can be repeated, with 
much less force, we will admit, but yet without exposing our- 
selves to commit an error. But if that "missing link*' between 
silver and gold is surely entirely imaginary and without shadow 
of substance, if we have neither found any such missing link be- 
tween tin and lead, the entire row 9 of Mendelejeff is condemned 
as utterly without foundation in fact. Accordingly we have 

5th. Row 9 IS INDEED A Chimera, the Vain Vaporing of an 
Empty Empiric Brain. 

In row 10 the platinum metals are misplaced. Wo goes with 
them into the larger iron group ; there remain only two rare 
metals R, supposed by Mendelejeff to be Ta and Yb. Since 
Mendelejeff knows no more about these elements than other 
chemists, who know next to nothing about them, and certainly 
have no positive knowledge of their atomic weight, it will be 
perfectly proper to declare that 

6th. No PoTisivE Knowledge is at Hand upon which the. 
Existence of any Member of Row 10 could bb Predicated ; 
that row must, therefore, be erased also. 

While I am far from through with my critical consideration of 
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the famous periodic law* of Mendelejefl represented in his sys- 
tem of the elements as printed in his bulky and barbarous book 
which he declares to contain the Fundaments of Cbemistry, I 
am tired and suppose the kind reader will allow me to take a 
rest. We shall therefore not consider the numerical fallacies of 
this system at present. 

Let us now see what there is left of this famous system, after 
making the above corrections, and also omitting the almost un- 
known elements R. 

I II lit IV V VI VII VIII 

1 n 

2 Li Be Bo C NO Fl 

3 Na Mg Al Si P S CI 

4 Ka Ca Fe, Ni, Co. 

5 Cu Zn Ga Ge As Se Br 

(J Kb Sr Ru, Rh, Pd. 

7 Ag Cd In Sn Sb Te lo 

H Cs Ba 

11 All Hg TI Pd Bi ._ — Ir, Os, Pt. 

12 Ur. 

Only that portion below line 3 can at all be credited to the 
famotis periodic law. If we start with the forjn given by Lothar 
Meyer we shall obtain the same final results exactly. 

Now Lothar was a student of my Programme der Atome- 
ciiANiK of 1867; for be published that noted ''review" or 
*' Kkfkkat " thereof quoted by Bischof. The classification of 
l\w. ('lements which I presented in that book by diverging rays 
from the (central pantogen, I immediately had arranged in par- 
allel lincH for more convenient printing and to obtain more com- 
pact diagrams, representing an}' given property of the elements 

as fiin(!tion of atomic weight and form. That transcription no 
one would dignify a discoveiy. 

*'riint Is s()!iH'tlil!»^ which In periods of scientific depression is accepted as 
law. 
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The classification presented by Meyer and Mendelejeff, in 
1869, as the representation of the periodic liaw is practically 
identical with my own transcription of my radial diagram ; for 
if a plane mirror AB be placed in vertical position just above the top 
of my chart, the mirror will reflect, as image of my own system, 
the exact arrangement of the periodic law. See Fig. 27. In this 
diagram I have placed the VIII corresponding to my own sys- 
tem instead of beyond the chloroids, VII, which position is 
absurd. 
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Nothing further need be said to demonstrate the real origin 
of that portion of the so-called periodic law which is true. That 
portion really discovered by Mendelejeff and Meyer we have 
shown to be false. 
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The atomic weights of Stas, and the periodic law together 
mark the chief results and the intellectual outcome of the eiiipihc 
era of Inorganic Chemistry since 1860. It is doubtful if ever 
anv other science of nature has reached so low a level as scicn- 
iijic Chemistry has done during the last third of a century. 
Great perfection in certain details, extreme expansion in patent- 
able applications and in certain directions admitting ^^discoyery" 
by wholesale in the formation of organic substitution compounds, 
are associated with an almost utter absence of sound scientific 
work and method, to such a degree, that positive error is her- 
^Ided and proclaimed as highest truth and an absurdity, contrary 
to fact, admitted as a supreme new system, as a fundamental 
Law of Nature. 

That in such a period, depraved chemists would be ready to 
commit scientific robbery is but natural. The highway robber 
strikes down his victim and then takes the purse and the watch. 
The would-be discoverer of chemical laws rfoes essentially the 
same thing; but his club is professionally called the "Referat" 
in (German. 

When the robber thinks the referated victim is done with, per- 
haps scalped by the Indians, he publishes, as his own, so much 
of the book as his limited capacity can comprehend and puts it 
into the empiric form demanded by the fashion of the day under 
the high sounding title. The Periodic Law. 

While nearly all prominent chemists during the past thirty 
years have fallen down and worshiped, it is cheering to know 
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that the greatest chemist of the age has flatly refused to bend 
his knee before Baal. Says Berthelot (L'Alchimie, p. 312): 

"In fact, and to be sincere, we must say that beyond the old 
natural families of the elements, recognized a long time ago, the 
above (features of the periodic law) are hardly anything but art- 
ificial assemblages. Neither the system of periodic series, nor 
the system of multiples of hydrogen, has thus far furnished any 
certain and definite rule for the discovery of the new elements re- 
cently found, nor for the finding of those which we do not know 
yet. Furthermore, none of these systems has furnished a posi- 
tive method, which will permit to foresee, even remotely, the 
synthetic formation of our elements ; or which would point the way i 
to experiments by which one might try to attain that end. 
Great illusions have arisen in this respect.*' 

What Berthelot properly demands of a natural classification 
and a genetic system of the elements, I believe is sufficiently 
given in the third part of this treatise, which is but preliminary 
to the complete publication which 1 intend to give in the third 
volume of these Elkments of Ato-m-Mechanics. 



From the popular errors of the day and the ' 
ephemeral coryphees of the present I turn to the 
great fountain head of modern inductive' science, 
whose works have ever been a source of instruc- 
tion, of inspiration and of comfort to me. 

And now, at the close of the first one of the 
four volumes in which I hope to present the lead- 
ing results of my forty years of labor, I come with 
reverence and humility to the great master, and ask 
permission to use the words Sagredo so justly pro- . 
nounced at the close of Gjornata Terza, the grandest 
**of them all — words of judgment which I have 
faithfully and earnestly striven to make applicable 
to this volume of mine on the Atoms and on the 
Elements : 

Parmi veramente, che conceder si possa al nostro 

Accadeniico, che egli senza jattanza abbia nel prin- 

cipio di questo sue trattato potuto attribuirsi di 

arrecarci una nuova scienza intorno a 
Lin soggetto antichissimo. 



GALILEO GALILEI. 
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